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PREFATORY  NOTE. 


In  sucli  a  partially  developed  country  as  Western  Australia 
there  are.  as  pointed  out  in  1899,  two  distinct  classes  of  geological 
survey  work  necessary  to  meet  public  requirements.  Into  the  first 
category  fall  the  detailed  examination  and  systematic  mapping, 
both  surface  and  undergTound,  of  mining  centres  which  are  under 
active  development,  and  in  the  second,  reconnaissance  surveys  and 
explorations  covering  in  a  general  way  large  tracts  of  country. 

The  first  is  exemplified  by  the  work  carried  out  at  Kalgoorlie, 
Coolgardie,  Southern  Cross,  Leonora,  Mount  Morgans,  Cue,  D'dj 
Dawn,  Norseman,  and  elsewhere;  to  these  centres  must  now  be 
added  Meekatharra,  the  results  of  the  survey  of  which  form  the 
subject-matter  of  the  present  publication.  Tliis  Bulletin  represents 
the  results  of  investigations  carried  out  in  conformity  with  the 
scheme  designed  to  survey  in  detail  all  the  important  mining  centres 
of  the  State.  Surveys  of  this  kind  are  more  useful  in  determining 
the  occurrence  and  characteristics  of  the  ore  deposits  than  in 
elucidating  the  general  geological  structure  and  stratigraphical  re- 
lationships of  fairly  large  areas  of  country;  though  they  not  in- 
frequently add  considerably  to  our  knowledge  on  these  important 
questions.  The  fact  is,  however,  often  overlooked  that  a  correct 
knowledge  of  the  general  stratigraphy  of  a  district,  such  as  reliable 
and  detailed  mapping  can  alone  supply,  is  fundamental  to  any 
systematic  development  of  its  mineral  wealth,  for  persistence  of  ore 
deposits  is  rather  a  function  of  geological  structure  than  depth. 

No  detailed  and  systematic  work  dealing  with  the  geology  and 
ore  deposits  of  Meekatharra  has  been  officially  undertaken  prior  to 
this  report. 

The  field  work  af  Meekatliarra  was  carried  out,  with  some  un- 
avoidable interruptions,  by  Mr.  E.  de  C.  Clarke,  Field  Geologist, 
between  the  months  of  July,  1913,  and  January,  1915.  The  initial 
work,  however,  was  commenced  in  1910  by  Mr.  H.  W.  B.  Talbot, 
who  devoted  about  seven  months  to  the  preparation  of  a  topo- 
graphical map,  to  be  used  as  a  basis  for  the  geological  work.  The 
results  of  Mr.  Talbot's  survey  w'ere  plotted  on  the  scale  of  10  chains 
per  inch,  and  included  an  area  of  about  200  scpiare  miles. 

The  country  embraced  by  the  survey  falls  within  the  20-chain 
lithogxaph  Ij^^^^  and  the  '40-cliain  litliographs  L66  and  L(i()A 
issued  by  the  Department  of  Mines,  as  well  as  a  portion  of  sheet 
59  of  the  300-cliain  series  of  maps  of  the  Department  of  Lands  and 
Surveys. 

The  mining  centre  of  Meekatharra  is  situated  in  South  Latitude 
26deg.  30min.,  on  the  great  central  plateau  of  Western  Australia, 
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at  an  altitude  of  about  1,700  feet  above  sea-level,  and  on  the  divide 
separating  the  areas  of  exterior  and  interior  drainage.  The  prin- 
cipal streams  belonging  to  the  system  of  exterior  drainage  all  dis- 
charge into  the  Murchison  River,  which  flows  westward  into  the 
Indian  Ocean,  whilst  those  of  the  interior  drainage  system  iiow 
southwards  into  the  inland  basin  of  Lake  Annean.  There  are  sound 
scientific  reasons  for  believing  that  the  exterior  system  of  drainage 
is  gradually  encroaching  on  the  interior. 

The  average  rainfall  of  the  district  is  low,  viz.,  about  10  inches, 
and  being  very  irregular  tliere  is  ro  surface  water  except  at  very 
rare  intervals. 

The  geological  constitution  of  Meekatharra  consists  in  the  main 
of  a  comjolex  of  cr^^stalline  rocks  comprising  granitic,  doleritic,  and 
peridotitic  types. 

Upon  this  ancient  complex  of  crystalline  rocks,  a  series  of 
bedded  deposits,  chiefly  arkose,  conglomerate  and  indurated  black 
slate,  was  laid  down;  to  this  succeeded  the  great  outburst  of  granite- 
and  allied  acid  igneous  rocks  which,  just  to  the  north  of  Meeka- 
tharra, enclosed,  compressed  and  otherwise  altered  the  sediments  to 
such  an  extent  that  it  is  not  now  readily  possible  to  differentiate 
them  from  the  rocks  upon  which  they  were  originally  deposited. 

The  granitic  rocks  occupy  the  western  portion  of  Meekatharra 
area,  and  form  a  band  of  about  two  or  three  miles  in  width  with  a 
general  north-easterly  strike.  The  granite  is  intrusive  into  the' 
older  crystalline  comj^lex  and  sends  out  veins  into  the  basic  rocks, 
in  addition  to  containing  masses  of  the  latter  along  its  eastern 
margin.  Of  the  granite  two  lithological  types  have  been  recognised, 
viz.,  (a)  a  hornblende  granite  (or  (juartz-diorite)  in  which  the  fel- 
spars are  often  represented  by  epidote,  and  (b)  a  biotite-microcline 
granite.  There  are  also  gradational  types  which  point  to  an  inti- 
mate relationship  lietween  the  two  varieties;  the  field-work,  how- 
ever, shows  lliat  the  two  granites  form  part  of  one  and  tlie  same 
mass. 

An  important  feature  in  the  area  is  the  number  of  acidic  dykes 
which  intersect  the  older  rocks  ol'  Meekatliarra ;  these,  in  all  jirob- 
ability,  i'oiin  the  apopliyses  of  the  huge  grnuile  mass  to  tlu>  west 
of  the  ore-bearing  belt,  and  there  is  a  (h)se  geoh)gical  kinsliip  be- 
tween many  of  Uie  auriferous  (k'posils  and  tlie  acid  dykes. 

I'y  far  (he  hii'gcst  and  most  imporlanl  pari  ol'  I  he  liehl  is 
made  ii|)  ol'  a  congeries  of  basic  I'ocks,  ha\  ing  a  consiih-i  able  pelro- 
h>gical  range,  Ihongli  linked  logellier  hy  lies  of  al'linily,  and  coni- 
pi'ise  two  main  gioups,  viz.: — - 

(a  )  The  compai'al  ively  IVesh  greenslones  which  include 
doleiile.  norile,  ainphiholile,  epidiorile,  and  serpen- 
line;  and 
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(b)  much  altered  cliloritic,  carbonated  and  talcose  rocks,  in 
which  the  individuality  and  geological  identity  appear 
to  have  been  almost  entirely  lost,  due  perhaps  in  part 
to  the  thermal  metamorphism  of  the  granite. 

The  relation  of  the  various  rock  types  to  one  another  is  not  in 
all  cases  quite  clear,  hence  the  geological  age  of  these  cannot  be 
said  to  have,  as  yet,  been  definitely  established. 

The  serpentines  have  a  general  parallelism  to  tlie  jiievailing 
strike  of  the  schists,  and  from  the  mode  of  occurrence  of  that  asso- 
ciated with  the  ore-bearing  belt,  it  may,  perhaps,  represent  an  in- 
trusion sill-like  in  character. 

Unaltered  dolerite  dykes  occur  in  several  localities  within  the 
area  mapped;  they  probably  represent  one  of  the  latest,  if  not  the 
last,  phase  of  eruptive  activity  in  this  portion  of  the  Murchison  field, 
and  may  be  connected  with  that  huge  reservoir  of  molten  matter 
which  lay  beneath  the  surface  to  the  north  of  latitude  2G  deg., 
awaiting  a  suitable  opportunity  of  rising  to  the  surface.  These 
dolerite  dykes  are  found  in  some  of  the  mine  workings  of  the  main 
auriferous  belt;  they  are  younger  than  the  ore  and  are  in  no  way 
genetically  connected  therewith. 

Associated  witli  these  basic  rocks  is  a  series  of  volcanic  beds 
in  the  form  of  flows  of  basalt  and  andesite,  together  with  breccias 
and  tuffs  in  a  fresh  state  of  ])re«ervation.  They  occur  just  to  the 
east  of  the  Meekatharra  gold-bearing  belt  of  Paddy's  Flat,  and  are 
believed  to  be  of  Devonian  Age. 

A  series  of  highly  inclined  sedimentary  rocks,  in  the  form  of 
arkoses,  grits  and  conglomerates,  occur  a  short  distance  to  the  north- 
east of  Meekatharra  adjoining  the  south-eastern  edge  of  the  granite; 
these  occasionally  contain  small  quartz  veins,  indicating  that  they 
were  formed  prior  to  the  mineralisation  of  the  district;  they  owe 
their  present  position  to  tectonic  disturbances. 

A  very  conspicuous  feature  in  the  field  is  that  complex  set  of 
structures,  now  represented  by  bands  of  jaspilite  often  having  a 
ribbon-like  structure.  These  bands,  which  have  a  general  strike  of 
north-north-east,  owe  their  origin  to  compression  and  intense  shear- 
ing and  a  subsequent  metasomatic  replacement  of  the  fine-grained 
chloritic  schists  through  the  action  of  carbonated  waters. 

The  underground  water-level  in  the  district  is  usually  below 
]00  feet  in  depth,  and  it  is  only  very  rarely  that  any  large  quantity 
of  meteoric  water  reaches  the  supply  already  stored  in  the  rocks. 
The  underground  waters,  of  which  several  samples  have  been 
analysed,  prove  to  be  of  one  general  tyY>e,  and  in  all  probabilitv 
owe  the  concentration  of  the  contained  salts,  in  part  to  residual 
oceanic  waters,  to  rain,  and  to  local  weathering  of  rocks  and  lodes. 
The  waters  would  not,  however,  appear  to  have  played  any  part  in 
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ore  deposition.  To  what  extent  the  composition  of  the  underground 
waters  has  been  influenced  by  residual  magmatic  water  there  is  no 
evidence  at  present  available. 

The  ore  deposits  of  Meekatharra  are  almost  entirely  restricted 
to  the  eastern  portion  of  the  field  and  are  mainly  confined  to  the 
neighbourhood  of  the  granite.  They  have  a  more  or  less  definite 
strike,  which  is  north-north-east,  being  that  of  the  main  tectonic 
lines  of  the  field.  When  viewed  broadly  the  ore  deposits  consist  of 
veins  and  lodes.  The  veins  are  principally  quartz,  some  of  which 
are  probably  but  an  ultra-acid  phase  of  the  porphyry  dykes,  Avhilst 
the  lodes  consist  of  (a)  deposits  which  owe  their  origin  to  metal- 
liferous solutions  emanating  from  the  acid  magma  which  constituted 
the  primary  source  of  the  granite,  and  (b)  siliceous  impregnations 
of  zones  of  sheared  country  rock.  The  ore  deposits  contain  but  a 
small  number  of  minerals  other  than  the  gold  contents ;  the  quartz 
and  allied  veins  are  usually  destitute  of  minerals,  whilst  the  meta- 
somatic  auriferous  ore  bodies  contain  arsenopyrite,  as  the  most  im- 
portant metallic  mineral,  though  pyrites  occurs  in  smaller  propor- 
tions. 

Of  the  geological  age  of  the  auriferous  deposits  there  is,  at  the 
present  time,  no  direct  evidence,  although  everything  points  to  the 
Pre-Cambrian  as  being  the  most  probable;  but  while  this  may  be 
the  case  it  does  not  follow  that  the  Assuring  and  mineralisation 
were  necessarily  contemporaneous.  The  deposits  would  appear  to 
have  closely  followed  the  intrusion  of  the  Meekatharra  granite, 
which  is,  perhaps,  from  the  economic  point  of  view,  the  most  im- 
portant geological  event  at  this  period. 

The  graph  and  figures  relating  to  gold  i)roduction  have  been 
compiled  from  data  furnislied  by  the  statistical  branch  of  the  Mines 
Department;  and  in  the  form  in  which  they  are  presented,  the  data 
furnish  as  comj  lete  a  record  of  the  yield  of  tlie  various  deposits 
of  Meekatharra  as  possible.  The  returns  show  tliat,  up  to  the  end 
of  1914,  the  total  output  from  the  area  embraced  by  the  survey 
amounted  to  404,814  ounces  of  fine  gold,  together  with  2,159.52 
ounces  of  fine  silver,  derived  from  the  milling  of  r)72.()7()  tons  of 
ore,  or  an  average  of  .7  ounces  of  fine  gold  per  ton. 

Full  and  detailed  descriptions,  illusti'aled  wherever  possible 
by  geological  ])lans  and  sections,  aie  given  of  Iho'-c  iiiiiu^s  in  active 
operation  or  other'wise  accessible,  as  occuiTcd  in  the  district  eni- 
})raced  by  the  survey.  The  gcoloiiicnl  maps  and  sections  of  the 
underground  workings  of  the  principal  mines,  wilhoul  wliich  llie 
te.xt  would  he  well-nigh  unintelligible,  liaxc  been  based  on  the  plans 
which  Ihe  owners  lodge  with  the  Depart  ineid  ol'  Mines  in  compli- 
ance willi  the  Mines  I{egula(ion  Act,  and  in  those  cases  where  no 
plans  are  available,  tape  and  compass  surveys  have  been  made  bv 
Mr.  riarke.    The  un<lergr()und  nia|)ping  of  the  lodes  and  fissures 
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and  their  presentation  on  a  uniform  scale  both  in  plan  and  section, 
should  tend  to  materially  facilitate  future  exploration  work. 

The  abandoned  ^Yorking■s  on  the  tield,  however,  do  not  of  neces- 
sity imply  that  the  deposits  have  been  exhausted,  for  it  is  possible 
that  many  may  be  reopened  and  possibh'^  worked  under  more  fav- 
ourable economic  conditions  than  at  present  prevail,  though  if  the 
gold  production  of  Meekatharra  is  to  be  maintained  or  increased 
it  will  be  largely,  if  not  entirely,  due  to  the  few  larger  mines  at 
present  existing. 

The  chemical  and  mineralogical  Avork  arising  out  of  the  field 
work  has  been  carried  out  in  the  Survey  laboratory  under  the 
general  direction  of  Mr.  Simpson. 

The  petrological  work  is  the  result  of  the  labours  of  Mr.  Far- 
quharson. 

A  representative  collection  of  minerals,  ores,  and  rocks  has 
been  made  during  the  course  of  the  survey  and  deposited  for  ref- 
erence in  the  Departmental  Collection. 


Government  Geologist. 


Geological  Survey  Office, 

Perth,  1st  June,  1916. 
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I.— INTRODUCTORY. 

The  town  of  Meekatliarra  (fig".  2),  Avhicli,  geographically  and 
economically,  is  the  centre  of  the  District*,  has  a  population  of 
about  1,500,  is  situated  in  the  Murchison  Goldfield  at  the  terminus 
of  the  Northern  Railway,  and  is,  by  rail,  334  miles  from  Geraldton 
and  600  miles  from  Perth  (see  Frontispiece). 

The  Area*,  which  includes  one  of  the  youngest  of  the  well- 
established  gold-mining  centres  of  the  State,  has  shown  an  almost 
continuous  advance  in  gold  production  since  the  beginning  of  its 
raining  activity.  During  1914  it  possessed  eight  mines  fully,  and 
five  partially,  equipped  Avith  steam-  and  gas-driven  plants,  in  addi- 
ti(m  to  Vvliicli  ahout  fifteen  leases  with  more  primitive  appliances 
were  raising  ore  to  be  crushed  at  the  State  Battery.  In  1914, 
133,965.3  tons  of  ore  were  treated,  giving  a  return  of  76,025.92  fine 
ounces  of  goldf,  and  1,341.85  fine  ounces  of  silver.  The  total  output 
of  the  Area  to  the  end  of  1914  was  404,814.11  fine  ounces  of  gold 
and  2,159.52  fine  ounces  of  silver  from  572,670.03  tons  of  ore — an 
average  of  about  .7  ounces  of  gold  per  ton.  The  annual  gold-out]nit 
and  ore-tonnage  are  graphically  shown  in  Plate  1. 


•  For  explanations  of  the  terms  District,  Area,  etc.,  as  used  in  this  Bulletin,  see  p;'.  23,  24. 
t  including  dollied  and  specimen  gold. 
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For  many  years  before  its  mineral  wealth  was  suspected  mueli 
of  the  Murchison  Goldfield  had  been  held  in  large  blocks  by  pas- 
toralists.  The  District  is  now  fenced  into  great  paddocks.  Stock 
is  usually  watered  from  wells  fitted  with  automatically  regulated 
windmills.  The  almost  universal  presence  of  stock-water  at 
depths  seldom  exceeding  50  feet  greatly  lessens  the  expenses  and 
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losses  of  run-holders  in  exceptionally  dry  seasons  when  feed  is  re- 
duced to  a  minimum. 

Tlio  town  and  the  chief  mining"  belt  (see  fig.  3),  Avliicli  lies  about 
one  mile  east  of  the  town,  are  supplied  with  water  by  the  Mines 


Water  Supply  Department.  The  water  for  domestic  use  is  obtained 
from  wells  in  decomj}osed  granite,  or  granite  wash,  four  and  a-ha]f 
miles  east  of  Meekatharra;  that  for  use  on  the  mines  is  brought 
from  Garden  Gully,  about  10  miles  to  the  north. 
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Meekatliarra  lias  had  direct  rail  communication  with  Perth  and 
Geraldlon  since  1910,  the  journey  to  Perth  now  occupying  34  hours. 
Telegraphic  communication  by  means  of  a  branch  from  the  main 
line  between  Perth  and  Nullagine  is  established,  and  there  is  a  local 
telephone  exchange.  Roads,  of  which  the  most  important  have  been 
surveyed,  connect  the  various  mines  of  the  Area  with  Meekatharra. 
Owing  to  the  level  nature  of  the  country  and  the  sparseness  of  the 
scrub  little  is  necessary  in  the  way  of  road-making  beyond  the  re- 
moval of  a  few  stumps  and  boulders. 


The  sfciK'i-y  (»(■  llic  Disli'icI  is  of  llic  iiioiiol oiioii^  l\|>('  cliarac- 
Icristic  of  llic  inlcrioi-  jiails  of  Wcslci-ii  A  list  i-ali;i.  Oiic-tlmd  ol'  il 
consists  ol'  plairi-coiml  !-y.  Tlic  more  l)rol<(Mi  pjirls  aic  gciicially 
iiijidc  ii|)  ol  giaiiitc  hill:   aii<l  bi-cakawaN s  digs.  I,  5,  and  (i)  or  ol' 
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gi-eenstone  hills  and  ridges  (figs.  7  and  8)  seldom  rising  more  than 
100  feet  above  the  plain-country.      In  addition  may  be  noted  the 


two  mesas — Yagaliong  and  Table  To^)  Hill  (figs.  1  and  15).  Hills 
and  plains  are  alike  covered  with  a  sparse  growth  of  "mulga/'  and 
the  reddish  soil — generally  strewn  with  boulders  and  pebbles  of 
quartz,  imjjure  ironstone  and  ironstained  rock— is  devoid  of  other 
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vegetation  except  after  heavy  rain,  Avlien  a  luxuriant  growth  oT 
herhs  and  grasses  quickly  appears,  followed  by  an  amazing-  variety 
of  flowers. 

As  is  generally  the  case  in  the  goldfields  of  Western  Australia, 

"  The  heat  (in  summer)  is  very  disagreeable  indeed,  whilst  the  inhabitants 
as  a  rule  find  all  the  recognised  languages  quite  inadequate  for  a  descr-iption 
of  the  flies  and  dust.  As  a  kind  of  compensation,  the  winter  season  is 
delightful.    Very  httle  rain  falls  and  the  weather  is  cold,  clear,  and  bracing."* 


Fig.  8. 


Photo.:  E.  de  C.  Clarke.  Neg.  1222. 

Mt.  Obal  (Trig.  Station  K6),west  of  Meekatharra.   A  characteristic 
island  hill  of  quartz  dolerite. 


11.— PLAN  OF  CONDUdMNG  WORK. 

The  geological  survey,  ihe  results  of  which  are  contained  in  I  his 
Bulletin,  was  bcg-un  in  Ai)ril,  lOlO,  when  Mr.  II.  W.  B.  Talbot,  Field 
Oeologist,  sj  ent  seven  mouths  in  making  a  t()i)ograi)hical  survey, 
nuipped  oil  a  scale  ol'  10  chains  to  the  inch,  of  about  200  s(|uare 
miles  in  the  Area.  This  otlicer,  and  also  Mr.  Gibb  Mail  land,  mapped 
several  oi'  the  geological  features — more  iiarticularly  tlie  Jasper 
l>ais. 

Tlie  writer's  field-work  began  in  July,  101.'^,  and  continued  with 
some;  intcn'uiil ions  till  January,  11)15.  More  than  iialf  of  the  lime 
spent  in  the  (lislrid  was  taken  n|)  wilh  examination  and  (if  mine 
plans  were  nii:i\ ailahle)  sui'vey  with  la|ie  and  |>risniali('  compass,  of 
iiri(lerg-r-(»nri(l    workings.      Alien!  ion     lo    Ihe    snrface-geology  con- 

•  Weatcrii  AuHtmllan  Year  Book,  1902-4,  liMli  cdn.,  p.  166. 
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sumed  a  little  less  than  one-quarter  of  the  period.  The  rest  of  the 
time  was  devoted  to  draughting-,  examination  of  specimens,  and  other 
indoor  Avork  necessary  during  the  progress  of  such  a  survey. 

The  methods  of  field-work  and  areas  over  which  they  were 
applied  may  he  mentioned  so  that  the  value  of  the  facts  collected 
and  of  the  consequent  conclusions  can  be  appraised. 


A.  — Broader  Field- Work. 

In  order  that  the  known  geology  of  this  part  of  the  Murchison 
Goldfield,  together  with  other  information  useful  to  prospectors, 
might  become  available,  the  map  comprising  Plate  II.  has  been 
compiled  from  the  Lands  Department  Lithograph  59/300,  on  wliich 
has  been  placed  further  information  regarding  wells,  etc.,  obtained 
from  the  Mines  Water  Supply  Department,  Mines  Department,  and 
other  sources,  together  with  geological  features  noted  at  various 
times  by  Messrs.  Maitland,  Woodward*,  Blatchford,  Talbot,  C.  G. 
Gibson t,  and  the  writer.  The  map  has  been  produced  on  a  scale  of 
four  miles  to  one  inch  and  forms  one  of  the  new  ^'four-mile  series 
of  geological  maps."t 

An  almost  rectangular  strip  on  the  eastern  side  of  Plate  II. 
will  be  referred  to  as  the  "Meekatharra  District"  or  "The  District." 
The  Meekatharra  District  has  an  area  of  about  2,000  square  miles, 
extending  from  the  latitude  of  Gabanintlia  in  the  south  to  that  of 
Abbotts,  and  from  the  longitude  of  Belele  Station  Homestead  in  the 
west  to  that  of  the  191-mile  peg  on  the  No.  2  Rablnt-proof  Fence. 

Examination  of  tlie  outlying  parts  of  the  District  was  carried 
out  by  driving  across  them  in  various  directions  and  fixing  the 
boundaries  between  the  granites,  gTeenstones  and  sedimentary  rocks 
by  reference  to  road  and  lease  pegs,  rough  triangulation,  etc.  No 
attempt  at  a  more  detailed  classification  than  Granites,  Greenstones, 
and  Sedimentaries  was  made  in  this  part  of  the  work. 

Superficial  deposits — not  indicated  on  Plate  II.  but  covering  a 
large  area  in  the  District— very  seriously  mask  the  essential  geo- 
logical features  so  that,  on  Plate  IV.  as  on  the  more  detailed  maps, 
the  geological  boundaries  are  in  the  main  only  approximations. 

B.  — ^Detailed  Field- Work. 

That  portion  of  tlie  Meekatharra  District  examined  in  more 
detail  (Plate  IV.)  will,  for  convenience,  be  referred  to  as  the 
"Meekatharra  Area"  or  simply  "The  Area." 

*  Also  in  G.S.W.A.  Bulletin  No.  57,  PI.  I. 

t  In  G.S.W.A.  Bulletin  No.  14,  pp.  39,  44,  etc. 

X  See  Ann.  Prog.  Rep.  G.S.W.A.,  1915,  p.  6. 
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Geological  mapping  of  the  INTeekatliarra  Area  was  gTeaily 
facilitated  by  Mr.  Talbot's  topogTaphical  work,  and  liis  geolo- 
gical notes.  Mapping  of  geological  boundaries  was  generally  done 
by  the  writer  with  the  tacheometer,  but  in  some  cases  paced  com- 
pass traverses  were  found  to  suffice.  This  work  was  plotted  on  a 
scale  of  10  chains  to  one  inch. 

C. — Mining  Geology. 

In  three  parts  of  the  Meekatharra  Area  ore-deposits  of  a  con- 
stant type  persist  for  a  considerable  distance.  These  deposits  and 
the  country  bordering  on  them  are  described  as  Paddy's  Flat,  Yalo- 
ginda,  and  Karangahaki  Belts  respectively.  The  smaller  deposits 
and  their  immediate  neighbourliood  are  generally  described  as 
"Groui  s,"'  which  take  their  names  from  leases  or  well-known  pros- 
pectors associated  witli  them. 

In  order  to  investigate  the  geology  of  the  above,  all  workings 
in  actual  progress,  and  practically  all  accessible  abandoned  workings, 
were  examined  and  plans  (if  not  already  existing)  prepared.  Nearly 
all  these  plans  are  reproduced  in  this  bulletin — the  majority  on  a 
scale  of  132  feet  to  one  inch  on  large  sheets  so  that  a  better  idea 
of  the  trend  of  the  ores  bodies  may  be  given.  On  these  plans  super- 
ficial deposits  are  generally  ignored  [see  also  p.  77)  and,  wherever 
possible,  geological  boundaries,  etc..  j;rojected  to  the  surface.  Ap- 
parent discrepancies  between  the  mapi^ed  and  described  positions 
of  geological  features  relative  to  workings  are  thus  explained.  Plans 
are  also  given  showing  tlie  geology  at  different  levels  in  the  more 
important  mines. 

The  examination  of  deserted  workings  consumed  a  great  deal 
of  time  and,  though  the  amount  of  information  obtained  was  small 
compared  to  that  received  from  the  miners  and  others  in  active 
"sliows,"  some  facts  of  interest  were  disclosed,  and  it  is  hoped  that 
the  phins  will  l)e  of  use  to  those  undertaking  t'resli  ventures  in  these 
localities. 

Help  received  from  various  mcndxMs  of  the  ( Jeologicai  Survey 
Staff  is  acknowledged  in  the  course  of  this  report.  The  writer  also 
wisiies  to  record,  and  ex|  less  his  thanks  for,  the  great  assistance 
received  during  the  iM'osecnl  ion  of  llie  sur\  (\v  from  residents  in  Ihe 
District  too  nian>'  lo  nuMition  by  name, 

nr.— AK'ix'ANGKMKNT   OF  THIS  I5FLLFT1N. 
Those  who,  Ihoifgh  inlci  cslcd  in  mining  in  the  A  icn  do  not  wish 
l(,  folh.w  the  .h'lailed  geological  notes  of  Chaiilcis  l\'.,  \'.,  \'II.. 
\'III.,  and  l.\.,  will  find  at  Ihc  e:i<I  of  ("hnplcr  l\'.  a  summary  of 
the  geological  si  ruchire  of  I  lu',  |)isti-icl,  ami  in  ("haiitci'  \'l.  a  more  or 
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less  detailed  account  of  the  history,  geology,  and  orc-])roduction  of 
any  gold-mining  lease  about  which  they  desire  information.  Chapter 
II.,  dealing  v.'ith  the  history  and  methods  of  mining  in  the  Area, 
and  Chajiter  III.  (physiographic),  together  with  this  introductory 
chapter,  contain  information  which  may  be  useful  to  persons  in- 
terested in  the  general  features  and  history  of  the  State.  The 
broad  results  of  the  petrological  studies  have  some  bearing 
on  the  origin  of  the  ore-bodies,  and  may  be  found  applicable  to 
other  regions.  These  results  would  lose  a  great  deal  of  their  value 
and  authority  if  not  detailel  as  they  are  in  Chapter  YII.  Chapters 
YIII.  and  IX.  contain  accounts  of  the  mineralogy  and  underground 
vraters. 

IV._PREVIOUS  GEOLOGICAL  WORK. 

In  1894  the  earliest  geological  report  on  any  part  of  the 
Meekatharra  District  was  given  by  Mr.  S.  Goczel  who,  in  an  account 
of  "The  Interior  Gold  Region  of  Western  Australia,"  has  some  notes 
on  the  -'Garden  Gully  Mine"  ("Old  Battery  Group,"  see  p.  99). 

Passing  reference  to  the  state  of  mining  and  very  brief  ac- 
counts of  the  geology  of  the  District  (detailed  in  the  bibliography 
given  below)  appeared  from  time  to  time  until  1904,  when  were 
published  the  results  of  Mr.  C.  G.  Gibson's  investigations  into  the 
mining  and  geology  of  various  centres  in  the  Murchison  Goldfield, 
including  }  arts  of  the  Meekatharra  District. 

In  1906,  1907,  and  1909,  Mr.  A.  Montgomery,  the  State  Miniiig 
Engineer,  reported  in  detail  on  the  condition  of  mining  in  the  Dis- 
trict, and  liis  three  reports  furnish  a  great  deal  of  informatioin  on 
the  character  of  tlie  ore  deposits  and  the  methods  by  which  tliey 
have  been  worked. 

In  1910  appeared  a  short  "Preliminary  Report  on  the  Ore 
Bodies  of  Meekatharra,"  by  Mr.  H.  P.  Wootlward. 

Reference  to  the  work  of  Messrs,  Maitland  and  Talbot  has  al- 
ready been  made. 

In  1912  Mr.  R.  A.  Farquharson,  in  com}  any  with  Mr.  H.  P. 
Woodward,  spent  a  few  days  in  examining  the  geology  of  the  Dis- 
trict. He  also  investigated  and  reported  on  the  microscojiic  strr.c- 
ture  of  several  rocks  from  the  Ingliston  Extended  G.M. 

v.— LITERATURE. 

The  publications  mentioned  in  ihe  prece.Iing  section  are  tlie 
most  important  contributions  to  our  geological  kriowledge  of  Meeka- 
tharra. The  following  list  contains,  it  is  thought,  all  articles  having 
any  important  bearing  on  the  local  geology : — 

Report  on  the  Murchison  Goldfield  (Perth:  By  Authority, 
1893),  by  Harry  Page  Woodward,  F.G.S.,  F.R.G.S., ' Government 
Geologist.    Deals  with  country  south  of  the  District. 
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Report  on  the  Department  of  Mines  for  the  Year  1894.  (Pertii: 
By  Authority,  1895,  pp.  40  and  41.)  A  few  notes  on  Garden  Gully 
Mine  and  a  prospecting'  area,  by  S.  Goczel  in  his  report  on  ''The 
Interior  Gold  Kegion  of  W.A." 

'•Murchison  Times''  (Cue),  1894-1934.  Contains  occasional 
references  to  mining  in  the  Meekatharra  Area. 

Report  of  the  Department  of  Mines  for  the  Year  1895,  tcith 
supplementary  notes  on  part  of  1896.  (Perth:  By  Authority  1896.) 
A]:)pendix  10,  "Report  on  Geological  Features  and  State  of  Devel- 
opment of  some  Mines  in  the  Nannine  District,  Murchison  G.F.,  by 
Frank  Reed,  Inspector  of  Mines."  p.  47,  Notes  on  "Meekatharra 
Mine." 

"Geological  Sketch  (Map)  cf  Yalgoo  and  Murchison  to  accom- 
pany H.  P.  Woodward's  Report"— the  report  published  in  1893. 

"Geological  Sketch  Map  Showing  the  Interior  Region  of  W.A." 
by  S.  Goezel.    Illustrates  his  report  mentioned  above. 

Report  of  the  Department  of  Mines  for  the  Year  1896  with 
supplementary  Notes  on  part  of  1897.  "Geological  Map  showing 
country  from  Cue  to  Peak  Hill,  to  accompany  Report  by  Frank 
Reed." 

Annual  Progress  Report  of  the  Geological  Survey  for  the  Year 
1898,  p.  36.  Report  of  Torrington  Blatchford,  B.A.  Also  Plate  Y. 
Blatchford  traversed  part  of  the  country  mapped  on  Plate  II.  of 
this  Bulletin. 

The  Geology  and  Mineral  Resources  of  a  part  of  the  Murchison 
Goldfield,  by  Chas.  G.  Gibson,  B.E.  (G.S.W.A.,  Bull.  No.  14,  Penh 
1904),  pp.  61-74.    General  geology  and  account  of  state  of  mining. 

Annual  Progress  Report  of  the  Geological  Survey  for  the  Year 
1903,  p]).  125-126.    Summary  of  Gibson's  work  quoted  above. 

Reports  of  the  Department  of  Mines  for  the  Years  1898  to 
1914.    Contain  brief  references  to  the  state  of  mining  in  the  Area. 

West  Australian  Mining  Industry.  Special  elition  of  Austra- 
lian Mining  Standard,  December  8,  1904,  ]>.  125. 

Report  of  the  Department  of  Miyies  for  the  Year  1906,  pp.  101 
to  108,  "Notes  on  Some  of  the  Mines  al  Meekatliarra,"  by  A.  Mont- 
gomery, M.A.,  F.G.S.,  Slate  Mining  Engineer. 

Rej)ori  of  the  JJeparliiiciil  of  Mines  for  I  he  Year  1907,  besides 
brief  account  oF  mining  progress  contains  (i)p.  107-115)  "J^eport 
on  the  Progress  of  Mining  in  (he  Me(l<alharra  Dish-id,  etc.,"  by  A. 
Monlgomei  y. 

l{r]}orl  of  Ihc  l)c  pari  nictil  of  Mines  for  llie  Year  1!)0S,  pp.  31- 
Xi — accounl  of  juogress  ol"  iiiiiiiiig  in  Hie  Area,  by  F.  ,].  Lander. 
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Annual  Report  of  the  Geological  Survey  for  the  Year  1909,  pp. 
165-166.  "Preliminary  Report  upon  the  Ore  Bodies  of  Meeka- 
tharra,''  by  H.  P.  Woodward. 

^•Meekatharra  Miner/^  1909-1914.  Contains  many  references  to 
current  events  in  mining.    Also  some  general  articles  of  value. 

'•Rejjort  on  the  State  of  Min'ng  Progress  in  certain  Centres  in 
the  Murchison  and  Peak  Hill  Goldfields/^  by  A.  Montgomery,  pp. 
3S-5S.    (Department  of  Mines,  1910). 

Report  of  the  Department  of  Mines  for  the  Year  1910.  Notes 
by  Inspector  Lander. 

Report  of  the  Department  of  Mines  for  the  Year  1911.  Notes 
by  Inspector  Lander. 

Petrologiccd  Contributions  to  the  Geology  of  Western  Aus- 
tralia, G.S.W.A.,  Bulletin  No.  13,  by  R.  A.  Farquharson,  B.A. 
(Oxon)  M.Sc,  F.G.S.,  etc.,  pp.  69-94.  "Observations  on  some  Rocks 
from  the  Ingliston  Extended  Mine,  etc." 

Annual  Report  for  the  Geological  Survey  for  the  Year  1913, 
pp.  25-26.  Preliminarv  account  of  the  Geology  of  Meekatharra, 
by  E.  de  C.  Clarke. 

Journal  of  Chamber  of  Mines  of  W.A.,  1915,  p.  63.  "Notes  on 
the  Geology  of  Meekatharra,  Murchison  Goldfield,  and  Surround- 
ing Countr}^,"  by  E.  de  C  Clarke.  Reprint  of  address  to  prospectors 
and  others  at  Meekatharra. 

Annual  Report  of  the  Geological  Survey  for  the  Year  1914, 
pp.  23-25.  "Meekatharra  and  surrounding  Country,"  by  E.  de  C. 
Clarke. 
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CHAPTER  IL 

GENERAL  HISTORY,  AND  PRESENT  CONDITION 
OF  MINING   IN  THE  AREA. 
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I.— GENERAL  HISTORY  OF  MINING. 

A. — First  Mining  Ventures. 
Towards  the  end  of  1S94,  three  years  after  the  first  discovery 
of  gold  in  the  IMiirehison  (at  Naniiine),  a  ten-head  battery  was 
beinfi'  erected  at  the  ''Garden  Gully  Mine"  ("Old  Battery  Group," 
see  p.  99),  one  and  a-half  miles  south  of  Garden  Gully.  The  Llave- 
luek  lode  was  found  by  T.  Creer  in  1S94*.  He  was  obliged,  owing 
to  difficulties  in  obtaining  men,  to  abandon  his  find,  but  shares  with 
the  discoverer  of  gold  at  the  Old  Battery  (whose  name  the  writer 
cannot  ascertain),  the  honour  of  being  the  pioneer  of  mining  in 
the  Area. 

The  yield  from  the  Old  Battery  seems  to  have  been  (juite  in- 
significant, and  the  Crown  Mine  at  Garden  Oully,  which  was  in 
operation  in  January  1(S95,  and  continued  lo  yield  small  returns  till 
1901,  was  really  the  first  gold-producer.  The  Old  Battery  was,  unlil 
1901,  the  most  accessible  mill  for  the  treatment  of  ore  raised  near 
Meekatluirra. 

In  June,  1895,  a  i)ros])ect<)r  named  Bertram  reported  llial  I  ho 
"most  likely  country"  he  had  traversed  on  a  luospecling  trii)  to 
"Lal<(^  Nabberoo  and  tlie  OarnarvoJi  Ixanges"  was  that  between 
Nannine  and  Al)botts. 

In  May  lS9(i  Mecluni,  Soicli,  and  Porlei-  had  discoNcrcMl  "splen- 
did reefs"  on  the  rioncer  (i.M.L.,  which  was  then  known  as  the 
Meekalliarra  Mine.  Wy  llie  end  of  the  y(>ar  this  and  other  leases 
of  tlie  Pioneer  Grou})  gave  eniiiloyiuent  to  ahout  40  men. 


•  Miirckisnn  Times,  OctoluT  IH,  1 '.»()(). 


29 


Between  1896  and  1899,  however,  mining-  at  Meekatliarra 
waned,  till,  at  one  time,  J.  Savage;  who  had  recentl}^  acquired  lease 
was  the  only  white  man  on  the  field.  A  successful  crushing 
made  for  him  at  the  Old  Battery  in  1899,  and  promishig  results  from 
the  Sirdar  Group,  near  Yaloginda,  once  more  dreAV  attention  to  the 
Area.  At  this  time  also,  R.  Oliver  and  party  began  successfully  lo 
exploit  the  Haveluck  Lode,  which  has  been  a  fairly  consistent  pro- 
ducer ever  since.  In  August  of  the  same  year  the  first  find  of  gold 
on  the  Paddy's  Flat  Belt  was  made  by  J.  McNab  on  the  site  of  the 
present  Commodore  G.M.  This  was  quickly  followed  by  the  open- 
ing up  of  the  Halcyon  Lode  just  north  of  the  Commodore.  Meeka- 
tharra  now  rapidly  increased  in  prosperity,  and  the  "Old  Battery'' 
was  kept  constantly  at  work  on  parcels  of  ore  from  various  leases. 
In  March,  1901,  a  State  Battery  at  Meekatharra  had  begun  crush- 
ing. 

B.  — Later  Development  near  Meekatharra. 

Discoveries  on  the  Paddy's  Flat  Belt  progressed  southwards 
from  the  Commodore — the  Ingliston,  Ingliston  Extended,  Ingliston 
Consols  Extended,  and  Marmont  ore  bodies  being  located  succes- 
sively. The  name  Paddy's  Flat  was  originally  given  to  the  gTound 
now  occupied  by  the  Ingliston  Consols  Extended  G.M.,  on  Avhich,  in 
about  the  year  1901,  "Paddy"  Donovan  and  J.  Murphy  searched 
vainly  for  the  lode  from  which  the  "alluvial"  gold  in  the  vicinity 
had  been  shed. 

Similar  difficulty  was  experienced  in  locating  the  Queen  of  the 
Hill  lode.  Although  prospects  had  been  obtained  in  the  neighbour- 
hood at  least  as  early  as  1902,  a  definite  lode  was  not  proved  till 
1909. 

The  discovery  in  August,  1909,  of  veins  and  country  similar  lo 
those  of  Paddy's  Flat  at  the  Globe  G.M.L.,  two  miles  further  soutli, 
is  interesting  since  it  indicates  that  the  Paddy's  Flat  Belt  is  of 
considerable  length. 

C.  — Later  DEVEiiOPMENT  near  Garden  Gully. 

Mining  at  tlie  north  end  of  the  Area,  whicli  had  ]iractical]y 
ceased  in  1900,  revived  in  1909  on  the  discovery  of  the  Sabbatli  and 
Kyarra  veins.  The  former  proved  unimportant,  but  the  latter 
showed  increasing  production  to  the  end  of  1914. 

D. — Later  De\'elopment  near  Yaloginda. 

Attention  was  first  drawn  to  Yaloginda  by  the  discovery  of  the 
Sirdar  veins  by  E.  Dickson  and  R.  Richards  in  January,  1899,  The 
Revenue  Shoot  found  by  J.  Dunn  and  others  at  the  end  of  1904 
continued  to  yield  rich  patches  till  the  end  of  1908,  and  at  about 
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the  latter  date  the  dab  of  gold  in  the  Black  Jack  was  discovered. 
Between  1906  and  1910  the  Karangahaki  G.M.  was  employing  a 
number  of  men.  At  this  time  also  the  Batavia,  Rocklee,  Two  Bells, 
Gibraltar,  and  many  other  leases  were  being  actively  prospected. 
In  1908  a  townsite  was  snr^^eyed,  and  to  some  extent  occupied,  at 
Yaloginda. 

In  June,  1911,  the '  Karangahaki  G.M.  closed  down  and  tlie 
palmy  days  of  Yaloginda  ended.  Mining  is  now  dormant  at  this 
centre,  although  there  have  been  occasional  small  outbursts  of  ac- 
tivity such  as  that  in  June,  1914,  at  the  north  end  of  the  Romsev 
(G.M.L.  891n). 

II.— NOTES  ON  MINING  METHODS. 

All  main  shafts,  except  the  underlie  shaft  of  the  Mystery 
G.M.L.  at  Yaloginda,  are  vertical-rectangular  in  form.  Most  of 
those  on  the  principal  mines  are  about  lOft.  x  4ft.  in  cross  section, 
timbered  tlu^oughout,  and  divided  into  three  compartments:  two  for 
hauling,  tlie  third  for  ladder-way,  air  and  water  pipes,  etc.  The 
Fenian  and  Ingliston  Consols  Extended  Mines  with  shafts  about  900 
feet  deep  are  the  deepest  mines  in  the  Area. 

Hauling  on  tlie  larger  mines  is  by  steam-driven  winding  en- 
gines, and,  with  the  exception  of  the  Queen  of  the  Hill  G.M.,  where 
self- emptying  skips  of  one  ton  capacity  are  employed,  cages  carry 
the  half-ton  trucks  singly  to  the  surface.  In  the  smaller  mines 
hauling  is  done  either  by  a  "whip"  worked  by  a  horse,  or  by  a 
windlass;  in  one  case  by  a  whim;  and  on  the  Rocklee  by  a  friction 
winch  in  connection  with  the  gas  engine. 

In  nearly  all  the  mines  the  plant  is  operated  by  gas-engines, 
supplied  from  wood-producers  (for  detail  see  Chap.  VI.).  The 
local  "mulga"  and  other  small  trees  are  satisfactory  fuel,  both  for 
steam-  and  gas-engines. 

On  the  Inglislon  Consols  Extended  electric  shaft-signalling  is 
installed;  in  all  tl)e  otiier  mines  the  wire  knocker-line  is  still  the 
method  cmjiloyed. 

The  surface  plants  of  the  Kyarra,  Commodore,  Ingliston,  Inglis- 
lon Kxtended,  (^iieen  of  the  Plill,  Ingliston  Consols  Extended,  and 
Fenian  mines  are  electrically  lit,  liglit  being  generated  on  the  indi- 
\idnal  prouerties.  On  llie  Ingliston  Consols  Kxtended,  electric  light 
is  also  proxidcd  at  all  i)lats  and  in  the  cross-cuts  of  Nos.  4  and  5 
lexels. 

Foi-  slia  ft -I  inihei'ing,  jari'ah  and  oi'ciion  pine,  for  jdals,  oregon. 
jiic  usually  ciuployed.  i'xlow  the  /oiu>  oC  oxidation,  in  cross-cuts 
and  di  i\('S  above  which  I  hej-e  is  lu)  stoping,  supports  are  usually 
unnecessary.  In  the  liinheriug  of  <lri\-es  preparatory  to  slopinii', 
either  (»rdin;u\v  sets  an<l  laths  oi-  stulls  and  laths  are  used.  The  heavy 
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Fig.  9. 


Photos.:  E.  de  C.  Clarke.  Negs.  1330-o9. 

Surface  Plant  of  the  Principal  Mines  in  the  Meekatharra 

Area. 

Ij  Kyarra;  2,  Ingliston  Consols  Kxtd.;  3,  Ingliston;  4,  Inglis- 
ton  Extd.;  5,  Fenian;  6,  Commodore;  7,  Globe;  8,  Mar- 
mont;  9,  Queen  of  the  Hill. 
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timbers  are  salmon  and  morrell  gum  railed  from  Geraldton  district 
and  costing",  landed  at  the  mines,  from  4d.  to  Is.  per  running  foot, 
according  as  the  diameter  varies  from  six  ir.ches  to  one  foot.  For 
smaller  work,  such  as  the  timbering  of  chutes,  the  local  "mulga'' 
is  sufficient. 

I\tost  of  the  ore  milled  in  the  Area  is  obtained  by  overhand 
sloping  and  filling.  The  shallower  parts  of  the  ore-bodies  are,  how- 
ever, frequently  obtained  by  the  open-cut  method,  the  largest  open- 
3ut  being  that  of  the  Queen'^of  the  Hill  G.M.  (Fig.  59). 

The  filling  used,  except  the  little  derived  from  development 
work,  is  either  tailings  or  oxidised  country  obtained  by  open- 
cutting. 

The  vertical  distance  between  levels  in  the  larger  mines  is  about 
100  feet.  Ventilation  depends  on  the  natural  circulation  through 
shafts,  and  passes,  but  in  most  of  the  larger  mines,  air  from  the 
compressors  is  used  in  the  early  stages  of  development. 

Except  in  unequipped  mines,  lack  rather  than  excess  of  water 
has  been  the  main  difficulty.  The  only  larger  mines  on  whicli 
operations  have  been  at  any  time  hampered  by  water  are  the 
Kyarra,  Ingiiston  Extended,  and  Marmont  Extended.  All  mines 
except  the  Kyarra,  Commodore,  and  Rocklee,  equipped  with  bat- 
teries, are  supplied  with  water  from  Garden  Gully  by  the  Mines 
Water  Supply  scheme.  The  original  water-level  at  Meekatharra 
stood  at  about  150ft.,  at  Garden  Gully  at  30ft.,  while  at  Yaloginda, 
where  the  workings  are  mainly  on  the  higher  ground,  it  is  at  about 
135ft.  Water  is  or  was  removed  by  bailing  in  the  Ingiiston,  In- 
giiston Extended,  Marmont,  Marmont  Extended,  Globe,  and  Rock- 
lee; by  Cornish  lifts  in  the  Kyarra,  Pioneer,  and  Revenue;  by  a 
wind-mill  in  the  Halcyon  Extended;  and  by  otlier  pumps  in  the 
Fenian,  Ingiiston  Consols,  Queen  of  the  Hill,  and  Commodore  mines. 

Appended  is  a  tabular  statement  of  known  facts  regarding  water 


in  some  of  the  mines  and  wells  of  the  Area: — 

Mine  or  Well. 

Water 
level 
below 
surface. 

Approxi- 
mate 
li  eight 
of  sur- 
face 
above 

sea  level. 

Water 
per  24 
liours,  in 
•jrallons 

Iveniarks. 

Kyarra* 

feet. 
80 

feet. 
1,590 

05,000 

No.  1  Well.  Caid'-M  1  25 
<'wlly  ! 

1,57S 

r)0,()()o 

No.  3  Well,  (Jardcn 
Gully* 

34 

1,570 

90,000 

*  Analyses  of  water  will  bo  f  anid  in  ('lui)it  ,  r  IX. 
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Appended  Tabular  Statement,  etc. — continued. 


Mine  or  Well. 

Water 
level 
below 
surface. 

Approxi-j 
mate 

height  of 
surface 
above  | 

sea-level.  1 

Water 
per  24 
hours, 

in 
gallons. 

Remarks . 

No.  4  Well,  Garden 
Gully 

feet. 
28 

feet. 
1,570 

36,000 

Xo.  5  Well,  Garden 
Gully* 

30 

1,570 

39,600 

Haveluck    . . 

170 

1,755 

Jackson's    . . 

51 

1,G93 

New  Orleans 

104 

1,713 

Commodore* 

150 

1,717 

20,000 

Country  was  drained  by 
>    Commodore  before  In- 
J     gliston  had  sunk. 

Ingliston 

200 

L713 

Queen  of  the  Hill* 

175 

1,731 

40,000 

Great  increase  in  flow 
when  lode  is  cut  at 
lower  levels. 

Fenian* 

1,687 

2,000  to  1 
3,000 

Tngliston  Consols 
Extended 

1,691 

1,300 

Maimont*  . . 

1,6  37 

25,000 

Water  comes  from  big 
spur,  not  from  Main 
Lode  Channel. 

Marmont  Extended 

195 

1,681 

57,000 

100,000  gallons  per  hour 
when  lode  was  cut  at 
195ft.  Formerly  sup- 
plied Ingliston  Consols, 
Fenian,  and  Marmont 
G.Ms. 

Globe* 

130 

1,673 

3,800 

Karangahaki 

1.38 

1,588 

••  1 

]\Iystery 

70 

1,558 

••  ! 

Hornsby 

63 

1,523 

••  1 

Rocklee* 

1  146 

1  1,633 

(2) 


♦Analyses  of  water  will  be  found  in  Chapter  IX. 
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III.— TREATMENT  OF  ORE. 

The  treatments  followed  at  the  Queen  of  the  Hill  and  Fenian 
G.Ms,  are  thus  summarised  by  the  officials  and  are  fairly  typical  of 
the  methods  in  vogue  at  the  other  mines  of  the  Area: — 

Queen  of  the  Hill. — Ore  is  hoisted  in  one  ton  self-dumping 
skips  and  tipped  on  to  a  grizzley.  Fines  pass  through  a  shaking 
shoot  to  a  bucket  elevator ;  coarse,  after  passing  the  rock-breaker,  are 
similarly  elevated  to  the  ore-bin.  Thence  the  ore  is  fed  by  the  usual 
type  of  Challenge  suspended  ore-feeders  to  the  two  pneumatic 
stampers,  which  crush  in  cyanide  solution  through  4,  5,  or  6-mesh 
screens  at  a  speed  of  135  drops  per  minute.  Stamp  duty  is  80 
tons  per  stamp  per  24  hours.  The  pulp  passes  to  No.  1  leg  of  the 
pump  and  is  elevated  to  a  classifying  cone.  Underflow  from  this  is 
fed  to  a  16ft.  x  46ft.  tube-mill,  where  a  quantity  of  lime,  sufficient 
to  keep  the  solution  alkaline,  is  added.  Overflow  together  with  dis- 
charge from  grinding  pans  passes  to  No.  2  leg  of  pump  and  is  ele- 
vated to  the  slimes  plant.  The  pulp  is  discharged  in  the  slimes 
plant  into  a  large  cone,  overflow  from  wliicli  passes  into  two  me- 
chanical thickeners,  the  underflow  being  again  classified  in  a  smaller 
cone,  the  overflow  of  which  passes  back  to  the  pump,  the  underflow 
being  fed,  together  with  thickened  slime,  from  the  mechanical  thick- 
eners to  three  air  agitators  in  series.  Sodium  cyanide  is  added  to 
the  air  agitators  in  sufficient  quantity  to  keep  up  a  constant  strengtli 
in  the  gold  solution.  From  the  air  agitators  the  pulp  is  collected 
in  an  agitator  where  it  is  measured  and  the  tonnage  estimated  by 
the  specific  gravity.  Thence  it  is  discharged  to  a  lower  agitator  and 
tlien  ]nimi)ed  to  another,  from  which  it  gravitates  into  a  vacuum 
filter  of  the  ordinary  stationary  type  in  which  are  fitted  60  filter- 
leaves.  After  forming  and  washing,  the  cakes  are  blowni  off  into  a 
mixer,  pulped  with  mine  water  and  i)umped  to  the  residue  dam. 

Costs  per  ton  of  ore  including  mining,  general  expenses,  and 
realisation  of  bullion  for  the  first  five  months  of  1915  as  published 
locally  were: — January  15s.  7d.,  February  23s.  Id.,  March  17s.  lid.. 
April  17s.  9d.,  May  i5s.  9d. 

Fenian  (i.M. — Ore  is  hoisted  to  the  brace  in  12cwt.  trucks  and 
liand-tipi^ed  over  grizzleys  into  the  two  rock-breakers,  whence  it  is 
elevated  to  the  ore-bin  and  fed  inlo  llie  fifteen-s(amp  mill  in  the 
usual  way  and  crushed  in  cyanide  solution.  The  pulj)  passes 
llirougli  screening  inlo  three  Wheelei"  pans,  where  anialgainalion  and 
sliining  take  place.  The  slime  passes  over  two  Willley  tables  where 
the  concentrates  are  collected.  I'hese  amount  to  about  2  jicr  cent, 
of  the  ore.  The  pulp  is  then  puinj)ed  to  the  Spitzkasten,  whence  the 
coarse  is  juissed  to  two  AVIieeler  pntis  for  fiiuM-  grinding — amalga- 
mation takes  place  in  llicse  pans  mNo.  Tlie  slimes  are  pumped  to 
five  agitating  vats  (2()l"t.  .\  Sl'l.)  and  one  washout.    The  unthickened 
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portion  flows  to  intermittent  settling-vats,  the  thickened  to  agitators, 
where  cvanide  is  added.  After  this  the  treament  is  like  that  des- 
cribed above. 

The  residues  are  said  to  be  worth  about  2s.  6d.  per  ton. 

During  1915  the  Fenian  G.M.  Syndicate  erected  a  Merton 
roaster  of  eight  ton  capacity  for  the  treatment  of  concentrates  frora 
the  various  mines  of  the  Area. 

Processes  in  vogue  at  the  other  mills  in  the  Area  are  on 
the  lines  of  the  Fenian  treatment.  The  following  points  may  be 
noted: — Crushing  is  performed  by  ordinary  stampers  varying  in 
weight  from  900  to  1,300  lbs.  in  different  cases.  Amalgamating 
takes  place  on  the  plates  in  the  Kyarra,  Commodore,  Ingliston,  In- 
gliston  Extended,  Ingliston  Consols  Extended,  Marmont,  and  Rock- 
lee  mills.  Cyanidation  is  employed  on  the  Kyarra,  Commodore,  In- 
gliston Extended,  and  Ingliston  Consols  Extended  mines.  In  all 
plants,  except  the  two  described,  sands  and  slimes  are  separated. 
The  sands  are  treated  by  the  percolation  method  on  the  Commodore 
(four  days'  treatment),  Ingliston  Extended  (five  days'),  and  In- 
gliston Consols  Extended  (six  days').  The  slimes  are  stacked  for 
cj^anidation  on  tlie  first  and  last  of  these  mines. 
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I.— INTRODUCTORY. 
It  will  be  seen  (Fig.  10)  that  the  western  and  northern  parts 
of  the  Meekatharra  District  drain  into  the  Murchison  River,  thus 
forming  an  area  of  exterior  drainage,  whereas  the  eastern  and 
southern  portions,  draining  into  Lake  Annean  (near  Nannine)  Avhich 
has  no  outlet  to  the  sea,  are  part  of  an  area  of  interior  drainage. 
The  Meekatharra  District  is  thus  on  the  divide  between  Jutson'sf 
Salt  Lake  and  North-West  physiographic  divisions. 


Fig.  10. 

■ 

SKCTCh 

1 

RFlATION  Of  MEEKATHARRA  OlSTWCT  TO  MURCHKOW  RIV  SYSTEM   j                                V     y'  \ 

'  'meITkatharraI 

IT.— 

TRMPERATrix'F  AND  RAINFALL. 

Meekailiarra  lies  within  .'Jdeg.  of  llie  tropic  of  Capricorn,  on 
a  lablehnid  a})out  1,700  feet  above  sea  level,  and  is  250  miles  from 
the  nearest  ocean.  High  temjx^rat ures  and  arid  conditions  prevail, 
the  District  coming  williin  llie  di'iest  area  of  Ihe  Stale,t  with  an 
average  annual  rainfall  (as  sliowii  l)y  the  following  table)  of  less 
than  10  inches. 

♦  Tho  writer  Is  much  Indebted  to  Mr.  J.  T.  .Tutson,  who  read  this  chapter  In  M.S. 
and  mado  sovfral  valuable  sii^j^esMons. 

t  O.S.  W.A.  IJullctln  No.  fil— "  An  Outline  of  tho  rhysioRraphlcal  OcoloRy  of 
Western  Australia,"  p.  32,  etc.  X  O.S.W.A.  Bulletin,  No.  61,  p.  23. 
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III.— WATERCOURSES. 

From  the  Physiographic  Map  (Plate  III.)  and  such  photo- 
graphs as  Fig.  2,  some  idea  may  be  obtained  of  the  character  of  the 
watercourses.  At  their  source  near  the  divide  they  are,  as  a  rule, 
well  defined;  when  they  enter  the  plain  country  they  become  diffuse. 
They  carry  water  only  during  heavy  rain.  The  work  done  by  the 
streams  in  these  rare  times  of  flood  is  considerable.* 

The  principal  streams  of  the  District  are:  Garden  Gully  Creek, 
Tieraco  Creek  ("Tierdeo"  on  PI.  III.),  and  Meekatharra  Creek,  all 
of  which  ultimately  discharge  into  the  Murchison  River,  and  the 
watercourse  (for  convenience  of  reference  called  Yaloginda  Creek) 
which  drains  into  Annean  Lake. 

As  a  rule,  the  beds  of  these  watercourses  are  cut  in  detritus. 
Near  their  heads  outcrops  of  the  underlying  rock  occur  and  are 
particularly  frequent  in  the  upper  part  of  Garden  Gully  Creek. 
In  the  lower,  diffuse  part  of  the  watercourses,  detritus,  generally 
sand,  of  unascertained  but  probably  inconsiderable  depth,  forms 
the  universal  bed. 

It  will  be  noticed  that  the  watercourses  of  the  interior  system 
have  a  north  and  south  course,  those  of  the  exterior  system  an  east 
and  west  course. 

Examples  of  the  capture  of  portions  of  the  interior  by  the  ex- 
terior system  are  seen  in  the  headwaters  of  the  Meekatharra  and 
Garden  Gully  Creeks  (see  Plate  III.  and  also  Fig.  11),  which  evi- 
dently belonged  formerly  to  a  north  and  south  drainage.  Other 
less  notable  examples  of  "piracy"  are  also  to  be  found.  It  is  thus 
evident  that  the  basin  of  the  Murchison  River  is  encroaching  on  the 
country  which  drains  into  Lake  Annean.  Diversion  from  a  south- 
erly to  a  westerly  course  is  also  ajiivarent  in  several  tributaries  of 
Yaloginda  Creek. 

IV.— LAKES. 

Although  one  of  these  features — Lake  Annean — occurs  at  Hie 
soutli  edge  of  Hie  District,  the  writer  has  spent  only  a  few  hours  in 
its  neighbourhood  and  has  no  observations  of  interest  to  offer  on  its 
j)liysiograpliy. 

The  "lakes"  of  Western  Ausli-nlia  have  been  described  and  dis- 
cussed by  Woodward  and  .Iiitsoti.  f 

V. -HILLS. 

The  hills  of  Hie  Mcckal hann  DislricI  Jirc  all  residuals  of  erosion, 
i.e.,  they  are  comiiosed  of  rocks  more  resistant  to  weathering  than 
those  which  form  the  low-lying  country. 1:    It  is  convenient  for  des- 

•  See  for  example  Woodward,  O.S.W.A.  liullctin  No.  67,  p.  20,  et  geq. 
t  Woodward,  dco].  Miik.,  1897,  pp.  363-366,    Jutaon,  G.S.W.A.  Bullotln  No.  61, 
p.  138,  el  set/. 

X  JutHOM,  op.  cW.,  p.  158,  etc. 
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criptive  purposes  to  group  the  hills  according  to  the  rock  of  whicli 
they  are  composed,  thus:  — 

A.  — Isolated  Hills  and  Ridges  (Island  Hills)*  in  massive  green- 

stones. 

B.  — HiUv  Tracts  in  schistose  greenstones. 

C.  — "Breakaways"  in  granite. 

D.  — Mesas  in  sedimentary  rocks. 


Fig.  n. 


A. — Island  Hills  in  Massive  Greenstone. 

The  most  striking  examples  of  this  type  are  the  Barloweerie  and 
Obal  Ridges,  Murrouli  Range  and  Annean  Hill,  but  a  number  of  le^s 
conspicuous  island  hills  also  occur.  Barloweerie  Peaks  (2,138ft.)  is 
the  greatest  height  recorded  in  the  District.  Reliable  heights  for 
the  other  hills  mentioned  are  not  obtainable. 


*  Mr.  J.  T.  Jutson  suggests  this  anglicising  of  inselberge  in  conformity  with  his 
adoption  of  sunklands  for  senkungsfelder,  op.  cit.,  p.  158. 
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The  Island  Hills  {e.g.,  Fig.  S)  rise  with  fair  abruptness  on  all 
sides  from  the  surrounding  plain.  The  ground  at  their  foot  is  cov- 
ered with  a  thin  skin  of  debris,  through  which  in  places  the  under- 


lying rocks  ()iilci-()|'.  Tlicir  suiumils  (Fig.  12)  are  devoid  of  lateritic 
(h'posits  and  coNorcd  with  l)()uld('is,  ol'len  of  very  considerable  size, 
(jT  llui  ('omponcnt   iiinssi\e  gi'cciistone. 
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They  differ  from  the  hills  considered  under  the  next  head  in  that 
they  rise  like  islands  from  the  suiTounding  plain  and  do  not  form 
groups  of  parallel  ridges. 

B. — HiLL^  Tracts  in  Schistose  Greenstones. 

A  series  of  parallel  ridges  occupies  the  greater  part  of  the  sur- 
face of  the  large  greenstone  '^island''  on  which  the  mining  centres  of 
]\ieekatharra  and  Yaloginda  are  situated  {see  Plate  II.).  These 
ridges  have  a  general  N.N.E.  and  S.S.W.  trend,  corresponding  to  tlie 
strike  of  the  predominant  shear  planes.  The  summits  of  the  ridges, 
which  frequently  coincide  with  the  outcrops  of  "jasper  bars,"  rise  to 
about  1,800  feet  above  sea-level  and  are  seldom  more  than  100  feyt 
above  the  intervening  valleys.  The  summits  show  a  gradual,  constant 
decrease  in  height,  coming  south  from  Meekatharra  to  Yaloginda, 
indicating  that  the  original  land  surface  sloped  from  north  to  south. 
Except  where  a  protecting  cap  of  ferruginous  laterite  causes  a  sud- 
den and  marked  increase  in  grade,  giving  an  approach  to  the  mesa- 
form,  the  sides  of  the  ridges  slope  gently  down  to  the  watercourses, 
so  that  in  cross  section  the  valleys  are  broadly  U-shaped  (Fig.  13). 


Fig.  13. 


SeclTon  'across  two  fypica!  valleys  in  Hilly  Greenstone  TvM-i^ 

Fr^n.     If,pr.<|i-.,,)hir    survry  by  H  W  B  Talbol' Field  GcolugisC 


In  some  places  the  formation  of  water-gaps  in  the  ridges  by 
small  suhsefiuent  watercourses  may  be  seen  in  progress. 

C. — ^"Breakaways"  in  Granite. 

"Breakaways"  are  lines  of  cliff,  seldom  exceeding  50ft.  in  height, 
separating  a  lower  from  an  upjier,  more  dissected  plain,  of  whieli 
they  form  the  edge.  The  term  is,  however,  frequently  applied  to 
any  low  cliff,  whether  forming  the  side  of  a  valley  or  rising  above  a 
plain.  Breakaways  are  considered  to  originate  from  the  under-cut- 
ting, partly  by  wind-action,  of  a  soft  decomposed  rock  which  is  pro- 
tected by  a  skin  of  secondarily  hardened  material.* 


•  For  further  discussion  see  Woodward,  G.S.W.A.  Bulletin  No.  57,  p.  20,  et  seq. 
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A  comparison  of  the  physiogTapliic  map  (Plate  III.)  with  the 
general  geological  map  (Plate  II.)  shows  that  generally  "Breakaway 
Country"  occurs  in  the  northern  portion  of  the  granitic  area. 

D. — Mesas. 

Mt.  Yagahong  (Figs.  1  and  14)  and  Table  Top  Hill  (Fig.  15), 
are  typical  mesas.  As  mentioned  in  Chapter  IV.  these  hills  are  com- 
posed of  flat-bedded  sediments.  Their  outline  is  distinct  from  that 
of  any  other  type  of  hill  in  the  District,  but  in  a  few  places  isolated 
remnants  of  breakaway  country  and  the  greenstone  ridges,  where 
protected  by  laterite  caps,  have  the  mesa  form. 


Fig.  14. 


Photo.:  E.  do  C.  Clarke.  Neg.  1220. 

Mt.  Yagahong.    Distant  view  from  north. 


Fig.  15. 


J'lK.tu.:   I'l.  (Ic  C.  (:\:\vk(^.  Nog.  1215. 

Table  Top  Hill,  from  west. 
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VI.— PLAINS. 

As  indicated  on  the  pliysiogTaphic  map,  the  main  development 
of  plain-country  is  in  the  basin  of  Tieraco  Creek,  and  in  the  south- 
eastern portion  of  the  District. 


The  plains  are  generally  covered  with  a  uniform  growth  of 
"mulga,"  and,  after  good  rains,  carpeted  with  a  luxuriant  growth 
of  grass  or  wild  flowers.    Outcrops  are  very  rare.     The  water- 
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courses,  except  the  largest,  are  ill-defined;  swamp-gums,  which 
relieve  the  monotony  of  the  mulga-covered  plains,  grow  along  most 
of  them. 

The  surface  of  the  plains  being,  apparently,  everywhere  under- 
lain by  a  hard-pan  of  almost  impervious  "cement"  becomes  covere;il, 
after  heavy  rain,  with  a  shallow  sheet  of  water,  which,  excepting  that 
which  remains  in  hollows  as  pools,  flows  slowly  away  in  the  direction 
of  main  drainage.  Some  of  the  pools  in  the  larger  watercourses  may 
survive  several  rainless  months  (Fig.  16). 

Generally  (compare  Plates  III.  and  IV.)  the  plain-country 
occurs  in  the  granite  areas.  An  exception  is  the  plain  lying  to  the 
south  and  west  of  Garden  Gully,  which  is  composed  of  gTeenstones, 
apparently  similar  to  those  occupying  the  hilly  tracts.  This  green- 
stone plain  merges  in  three  directions  through  fairly  narrow  "straits"' 
into  areas  of  granite  plains. 

VIL— SUMMARY. 

The  Meekatharra  District  is  situated  on  the  Divide  between  areas 
of  exterior  and  interior  drainage  (Jutson's  North-West  and  Salt 
Lake  Divisions).  The  hills  occurring  on  greenstone  areas  have  a 
north  and  south  trend,  those  on  granite  areas  are  disposed  quite 
irregularly.  Two  mesas  also  occur.  The  drainage  channels  belong- 
ing to  the  exterior  system  have  a  westerly,  those  of  the  interior  sys- 
tem a  southerly  course.  The  exterior  system  is  encroaching  on  the 
interior. 

The  summits  of  the  ridges  in  the  greenstone  country  and  of  tlie 
rough  granite  areas  have  a  maximum  heiglit  of  between  1,850  and 
1,900  feet,  while  the  elevation  of  the  plain-country  ranges  between 
1,700  and  1,800  feet.  According  to  Jutson*  there  may  be  distin- 
guished in  the  great  plateau  of  Western  Australia  the  "old  plateau," 
which  represents,  approximately,  the  level  of  the  country  at  the  be- 
ginning of  the  present  physiograjihic  cycle,  and  a  "new  plateau" 
which  is  now  being  formed  out  of  the  old  ]->lateau  by  arid  erosion. 
In  the  Meekatharra  District  then,  the  country  shown  as  plain  (Plate 
ni.),  together  with  the  smaller  patches  of  plain-country  not  indi- 
cated, would  be  regarded  as  portions  of  the  new  plateau,  while  the 
summits  of  the  greenstone  ridges,  granite  hills  and  breakaways 
represent  approximately  the  level f  of  the  old  plateau. 

In  the  absence  of  reliable  heights  for  the  island  hills  (except 
Barloweerie  Peaks,  2,138ft.),  it  must  remiain  doubtful  whether  these 
also  are  portions  of  the  old  plateau  or  are  monadnoeks  which  rose 
above  it  before  the  be.ginning  of  the  i^resent  cycle  of  erosion. 

^^O.H.W.A.  Bulletin,  No.  fil,  p.  20,  etc..  ,  . 

t  Tho  KmduftI  dccro.a80  In  t,li(!  height,  of  the  Rroonstone  rldpos  conilnR  Houtli  shows 
th»t  thero  wait  iu  UiIh  part  of  tlic  old  platc^au  a  Kcntlo  slope  to  tlie  south. 
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I.— ^INTRODUCTORY. 

A.— Geological  Position  of  the  District, 

The  chief  gold-bearing  region  of  Western  Australia  may  be 
compared  to  a  sea  of  granite  in  which  islands  of  "greenstone"  are 
scattered.  The  chief  mining  centres  are  on  two  lines  of  greenstone 
islands,  the  eastern  running  from  Norseman  through  Coolgardie, 
Kalgoorlie,  Mulline  and  Sandstone  to  Meekatharra,  the  western  from 
Ravensthorpe  through  Southern  Cross,  Mt.  Jackson,  Mt.  Magnet, 
and  Austin  to  Day  D^awn  and  Cue.*  These  two  belts  were  recog- 
nised by  Mr.  H.  P.  AVoodward  in  1895.  f 

B.— Main  Features  op  the  District. 

On  the  general  geological  map  (Plate  II.)  the  rocks  of  the 
District  are  shown  to  be  acid  igneous  (granites  and  porphyries), 
basic  igneous  and  met  amorphic  (greenstones),  and  sediments. 

Two  large  greenstone  "islands" — tlie  northern  bearing  Abbott's 
and  Garden  Gully  Mining  Centres,  the  southern  Meekatharra,  Yalo- 
ginda and  Nannine  Centres — are  separated  by  a  "strait"  of  granite. 
A  number  of  smaller  "islands,"  such  as  Annean  Hill,  have  been 
recognised.  Resting  iiidilTerently  on  granite  or  greenstone  are  small 
pal  dies  of  sedimentary  rocks. 

C.  C0-0KM)I  N  ATION    OF    FlKLD-WORK    AND  PkTNOLOC.Y. 

1  ridix  idtiiil  I'ock-specimeris  and  speciMl  geological  occurrences 
jiic  rn'(|ii('n1ly  (iiioted  in  tins  and  succeeding  cliapters,  l)ut  details 
iiivoiirabh'  or  nii  ravoui-nble  l<>  I  lie  conclusions  arrived  at  cannot  be 
fully  given.  It  is  well,  therefore,  to  describe  the  nu'thod  by  whicli 
the  classification  and  mapping  of  this  i-eport  were  accomplished. 

♦  Recent  advnnoos  in  the  knowledRo  of  the  Ooology  of  Western  Australia  by  A. 
OIbb  Maltland.    AuHtra.  Ahh.  Adv.  Sc.  1007.    Plate  I. 

t  Mining  Handbook  to  the  Colony  of  Western  Auatmlia,  2nd  Edition  (Pcrth,'1895) 

p.  38. 
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The  800  or  more  specimens  obtained  during-  field-work  were 
catalogued  and  arranged  by  the  writer  in  camp  according  to  mega- 
scopic characters,  and  typical  examples  of  every  variety  of  rock  thus 
distinguished  were  finally  chosen  for  further  examination.*  From 
the  600  or  more  specimens  so  selected,  about  ISO,  regarded  after 
careful  scrutiny  by  Mr.  Farquharson  and  the  writer  as  representative 
of  all  important  varieties,  were  studied  in  detail  by  the  former,  who 
then  drew  up  a  tentative  classification  embracing  all  varieties  recog- 
nised as  a  result  of  his  work.  The  catalogues  made  in  camp  were 
now  searched  for  additional  examples  of  these  types  from  other  local- 
ities, and  the  field-distribution  of  Mr.  Farquharson's  varieties  was 
mapped.!  The  relationships,  suggested  by  petrological  study,  of 
all  rocks  found  in  the  Area  were  thus  contrasted  with  their  field- 
relationships,  and  the  new  difficulties  and  contradictions  which  this 
comparison  produced  necessitated  much  additional  microscopic  work 
and  a  short  visit  to  the  field.  Some  of  the  difficulties  were  solved; 
some  have  remained  unsolved.  ♦Tlie  final  results  are  set  forth  in 
this  and  the  next  three  chapters. 

II.— ACID  IGNEOUS  ROCKS. 
A. — Granite. 

In  the  country  immediately  south  of  the  District  two  main  types 
of  granite  have  been  recognised t — a  hornblende-granite  which  fre- 
quently contains  auriferous  veins  particularly  near  its  contact  with 
the  greenstones,  and  ''a  hard  porphyritic  muscovite  variety  which 
generally  occurs  in  the  form  of  magmatic  intrusions"  into  the  horn- 
blende granite,  and  weathers  into  "more  or  less  rounded  masses  hav- 
ing the  appearance  of  piled  blocks." 

Granitic  rocks  occupy  about  1,600  square  miles  in  the  Meeku- 
tharra  District.  Those  coming  within  the  Area  are  of  no  economic 
importance,  and  therefore  little  attention  was  given  them.  Two  types 
were  recognised  but  whether  they  are  merely  phases  of  the  same 
magTna  or  represent  two  distinct  intrusions  was  not  determined. 

1.    Southern  Cross  Type. 

General  Petrology. — This  rock,  so  named  from  its  similarity  to 
the  granite  near  Southern  Cross,§  is  a  biotite-microcline  granite.  || 
Unlike  the  Meekatharra  granite  it  is  only  occasionally  sheared,  has  a 
prevailing  yellow-brown  colour,  contains  ]:egmatite  dykes,  and  wilh 
it  are  in  places  associated  gold  and  copper  ores.^ 

*  The  writer's  views  on  the  District's  geology  at  this  stage  were  those  given  in 
G.S.W.A.,  Ann.  Rep.  1913,  pp.  25,  26,  and  1914,  pp.  23,  25,  and  Journal  Chamber  of 
Mines  of  W.A.,  April,  1915,  p.  63. 

t  The  writer's  views,  modified  by  this  work,  are  given  in  G.S.W.A.  Ann.  Rep. 

1915. 

JWoodward,  G.S.W.A.,  Bull.  No.  57,  p.  19,  etc. 

§  G.S.W.A.,  Bull.  No.  49,  p.  67. 

11  Petrological  notes  are  given  fully  in  chapter  VII. 

1  Near  the  Ghunder  Loo  G.M.,  outside  the  Area  and  not  examined  by  the  writer. 
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Dislrihution  mid  B elation  to  other  Rocks. — The  Southern  Cross 
granite  is  shown  (Plate  IV.)  occupying  a  small  area  west  and 
south  of  Yaloginda  {see  also  Fig.  4).  Within  the  Meekatharra 
Area  it  was  noted  as  far  north  as  the  17-niile  post  on  the  Telegraph 
Line,  beyond  which  the  boundary  between  gTanite  and  schist  is  ob- 
scured until,  some  distance  north  of  Meekatharra  Creek,  granite  of 
the  ^^Meekatharra  tyj^e"  is  found.  Detailed  work  further  west  here 
might  show  the  true  relation  between  the  two  types,  and,  since  con- 
glomerate at  the  Haveluck  group,  north  of  Meekatharra,  contains 
boulders  of  Southern  Cross  granite,  it  is  probable  that  this  latter 
type  would,  in  the  west,  be  found  extending  further  north. 

No  evidence  has  been  collected  as  to  the  character  of  the  granite 
lying  east  of  Meekatharra. 

Where  in  contact,  neither  greenstone  nor  Southern  Cross  gTanite 
show  unusual  weathering  or  alteration — indeed  the  greenstone  is 
harder  and  fresher  as  the  granite  is  approached.  Many  tongues  botli 
of  normal  and  of  pegmatitic  granite  occur  in  the  schists  near  the  con- 
tact, generally  parallel  to  the  shear  planes,  and  lenticular  green- 
stone inclusions  sometimes  several  chains  long  are  found  in  the 
granite  even  some  distance  from  its  edge. 

2.    Meekatharra  Type. 

Petrology. — This  is  a  microcline-biotite  granite  showing  both  in 
its  almost  universal  foliation  when  viewed  in  the  field  or  in  hand- 
specimens,  and  in  such  microscopic  features  as  strain-shadows  in 
the  quartz,  breaking,  bending,  and  granulitization  of  felspar  and 
quartz,  that  it  was  subjected  to  very  considerable  shearing  forces. 
Such  varieties  as  [j^q]  *  (near  the  57-mile  post  on  the  Peak  Hill 
road),  which  show  no  trace  of  shearing,  are  seen  in  the  field  to  occur 
in  small  patches  (which  have  escaped  dynamic  metamori)hism) 
amongst  the  normal,  strongly  foliated  granite  of  ISIeokatliarra  ty])e. 

Distribution  and  Relation  to  other  Hocks. — This  type  traverses 
the  Area  in  a  general  N.E.  direction,  )  arallel  to  the  ])revailing  strike 
of  the  country,  as  a  bandf  tliree  miles  or  more  in  width,  and,  except 
the  ill-defined  i)atch  of  Southern  Cioss  type,  constitutes  all  the 
granite  of  the  Area. 

Though  but  one  specimen  has  been  microscopiciilly  exnnuned, 
the  granite  to  the  north  of  the  Area  in  tlie  neighbourhood  oi'  the 
Peak  Hill  road  has  all  the  appearance  in  mass  and  hand-specimens 
of  tlic  M('('kalhai-i-a  type. 

The  Xanninc  granite  also  agrees  microscopically  with  the  Meoka- 
Iharia,  typ(!  but  carries  auriferous  veins,  said  to  i)ass  without  int(M-- 

•  •  •  The  numborH  (iiioted  thus  arc  of  rock  si)orimons  exiuninod  l)y  Mr.  Fiiniuhivrson. 

•  •  t  A  Hiniill  aroii  of  this  Kranito  Ih  in  ii)i)od  (I'ht^*  IV..  Shoot  A.)  almnt,  2 J  milo«  W.S.W. 
•  of  the  2»-tnilo  post,  (ianloii  (Jiilly  road.  No  ovidonco  of  ilio  coimcction  of  this  occur- 
■  rencc  with  the  in<iin  inasH  could  bo  found  in  the  field. 
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ruption  from  gTeenstone  to  gTanite  and  to  be  auriferous  in  both 
rocks.  However, 

'  *  most  of  the  reefs  in  the  granite  at  Nanniiie  appear  to  have  been  of 
low  grade. '  '* 

Some  abandoned  workings  west  of  Nannine,  near  the  153-mile  post 
on  No.  2  Rabbit  Proof  Fence,  from  which  some  ore  has  apparently 
been  taken,  are  on  small  veins  in  Meekatharra  granite  [y^]. 

The  most  important  veins  at  Quinn's — a  sliort  distance  south  of; 
the  District — occur  in  "granite  schists"  (Gibson,  loc,  cit.,  p.  41),  pre- 
sumably a  gneissic  granite  of  the  same  type. 

Within  the  Area  none  of  the  many  quartz  veins  in  the  Meeka- 
tharra granite  appear  to  be  auriferous,  though  they  must  have  been 
often  "tried."    A  sample  of  quartz  was  taken  by  the  writer  along 


F]g.  17. 


Photo.:  E.  de  C.  Clarke.  Neg.  1223. 

Contact  betv/een  Schist  and  Kaolinised.  Meekatharra  Granite, 
three  miles  east  of  57-M.P.,  Peak  Hill  Road. 


tlie  strongest  of  the  veins  found  about  11/2  miles  E.N.E.  of  the  27- 
mile  post  on  the  Garden  Gully  road  (Plate  IV.,  Sheet  A),  and  was 
submitted  for  assay  (Lab.  No.  7118),  but  yielded  no  trace  of  gold. 

Except  along  its  margins  the  Meekatharra  granite  forms  rough 
"breakaway  country"  interspersed  with  patches  of  rounded  boulders 
usually  of  considerable  size  (Figs.  5  and  6). 

In  contrast  to  the  Southern  Cross  Granite,  the  boundary  be- 
tween the  Meekatharra  granite  and  the  greenstones  is  usually  very 
ill-defined.    Both  rocks  are  highly  decomposed  along  their  margin 

*  Gibson,  G.S.W.A.,  Bull.  No.  14,  p.  53. 
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—  the  granite  being  com]iletely  kaolinized  for  a  chain  or  more  and 
the  greenstone  altered  to  a  white  kaolinic  mass  hard  to  distinguish 
from  kaolinised  granite.  Very  rarely  a  sharp  contact  like  that  in 
Fig.  17  (in  which  case  the  weathered  granite  was  shown  to  have 
the  microscopic  characters  of  the  Meekatharra  type)  was  obser^-ed. 

3.    Economic  Importance. 

As  the  preceding  remarks  indicate,  the  granites  of  the  Meeka- 
tharra  Area  a]ipear  to  contain  no  deposits  of  economic  value  and 
may  be  ignored  by  the  prosj)ector,  although,  further  afield,  similar 
rocks  of  both  types  carry  auriferous  veins. 


B. — Porphyry. 

The  acid  dykes  of  the  Area  may  be  arranged  for  description 
in  four  groups.  This  arrangement  is  based  mainly  on  the  relation  of 
the  dykes  to  gold  deposits.  Owing  to  its  highly  weathered  state 
nothing  is  known  of  the  minute  characters  of  one  of  these  groups, 
but  detailed  examination  of  many  specimens  of  the  other  three 
shows  that  probably  all  of  them  and  the  Meekatharra  granite  are 
of  common  magmatic  origin. 

1.    Paddy's  Flat  Type.  — Albite-quartz  porphyries. 

(a)  Paddy's  Flat  Dyke. — This  dyke  extends  almost  continu- 
ously from  the  Gwalia  Extended  Group  at  the  south  end  of  the 
Paddy's  Flat  Belt  to  the  Ingliston  North  G.M.L.  Owing  to  ease  of 
weathering  and  development  of  covering  "cement"  it  is  never  re- 
cognizable at  the  surface  (though  outcrops  of  bleached  "greenstone" 
are  often  mistaken  for  it),  but  is  shown  on  Plates  IV.  and  XIII. 
approximately  as  it  would  outcrop.  It  is  dislocated  in  several  places 
by  small  faults  and  has  been  broken  by  a  dolerite  dyke  near  the  In- 
glislon  United  G.lVl.L.  The  ga])  in  tlie  Fenian  and  Ingliston  Consols 
Extended  Leases  is  due  to  the  injection  liaving  failed  to  reach  so 
far  as  the  pi'cscnl  surface,  l)u(  al  llic  lowest  li'\(>ls  ol'  those  mines  an 
ahno^t  continuous  dyko  of*  poi'phyrN  is  I'oniid.  {See  Plates  XVT. 
and  XIX.). 

To  depths  oi'  two  or  three  liuiidicd  I'eet  the  Paddy's  Flat  ])or- 
jiliyry  is  decoiiiiiosed  to  a  while  kaolin  (ot'len,  but  iu)t  invariably, 
seamed  willi  (juai'tz  \-eins  (Fig.  PS)  ),  in  which  small  grains  of 
(|uarlz  can  aliuosi  always,  an<l  (lakes  of  mica  (|uile  rrG<iueiit ly,  t)e 
(letecled.  lielow  the  weatliered  /oiu'  it  is  a  \ cit  hard,  tough,  white, 
tlinly,  sejui-t ransliicent  rock,  strongly  cross-jointed  (Fig.  19).  Oc- 
casionally it  has  felsj)ar  i)lienocrysts  or  crystals  of  ])yritc  or  arseno- 
pyrite. 
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The  Paddy's  Flat  porphyry  is  often  closely  associated  with  au- 
riferous veins  and  "formations."     The  fuller  discussion  in  Chapter 


Fig.  18. 


Photo.:  E.  de  C.  Clarke.  Neg.  J 420. 

Weathered  Porphyry  in  300ft.  level,  Ingliston  Extd.  G.M.  Quartz 
veins  more  evident  than  in  fresher  rock  (cp.  Fig.  19). 

VI.  may  be  summari.sed  by  stating'  that  the  jiorphyry  injection  was 
earlier,  but  very  little  earlier,  than  gold  injections. 
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(b)  Yaloginda  Dyke* — Porphyry  outcrops  at  intervals  from 
the  neighbourhood  of  the  Sirdar  Group  to  the  southern  boundary  of 


A  few  small  outcrops  just  east  of  llie  "Slockliohii  (J.I\I.,"  two 
and  a  lialf  miles  north-east  of  llie  Sirchii-,  are  a  Iii^lily  <h»0()m|)osed 
acid  intrusive  prol)ably  of  tlie  same  type. 

•  Further  detail  refyardinj?  t  liis  niid  t  In-  <>i  her  (|\  koN  will  l<f  lound  in  riiapter  VI. 
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Petrologieally  the  northern  portion  of  the  Yaloginda  dyke  (47d. 
and  [yJq]  )  resembles  the  Paddy's  Flat  rock.  Specimens  from  the 
southern  end  ([^ig],  ^^^3],  [jj^],  [^Jt]  ),  while  they  resemble 
the  Paddy's  Flat  type,  sliow  some  of  the  peculiarities  of  other  types 
described  below. 

In  field-occurrence  the  Yaloginda  differs  from  the  Paddy's  Flat 
dyke  in  being  in  places  resistant  to  weathering  and  so  forming  hil- 
locks (Fig.  20). 


Fig.  20. 


Photo.:  E.  de  C.  Chiike  Neg.  1216. 

Outcrop  of  Porphyry  half  a  mile  south  of  Yaloginda. 


Economically  it  is  not  of  proved  importance,  but  [y^g]  in 
shaft  25  (Kelpy  Group)  lies  close  to  a  rich  "alluvial"  j^atch,  the 
parent  vein  of  which  has  not  been  much  explored.  In  its  southern 
part  the  Yaloginda  dyke  is  associated  with  quartz  veins,  often  of 
large  size  (Fig.  21).  These  have  not  been  found  to  yield  gold,  but 
from  the  fact  that  the  dyke  here  shows  affinities  to  the  Halcyon 
type,  further  search  in  these  parts  may  prove  portions  of  it  to  be 
gold-bearing. 

(c)  Maranui  Dijke. — This  outcrops  about  a  quarter  of  a  mile 
east  of  the  Karangahaki  Belt,  and  has  been  followed  for  about  that 
distance  in  a  southerly  direction,  beyond  which  the  i)resence  of  boul- 
ders of  tourmaline-bearing  quartz  indicates  its  probable  extension 
towards  Rhen's  Prospecting  Area.  Petrologieally  it  and  the  Paddy's 
Flat  Dyke  are  very  similar,  but  in  the  presence  of  radiating  fibres 
of  actinolite  and  biolite  it  shows  affinities  to  the  southern  part  of 
the  Yaloginda  dyke,  which  it  also  resembles  in  field  occurrence,  some 
specimens  from  the  surface  being  as  hard  and  fresh  as  the  Paddy's 
Flat  dyke  is  at  depths  of  400  feet  or  more.  So  far  as  known,  the 
Maranui  Dyke  is  not  associated  with  any  auriferous  dej)osits. 
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(d)  Northern  Dyke. — East  of  the  57-mile  post  on  the  Peak  Hill 
road  two  small  greenstone  islands  occur.  Specimen  [^W]  ^^^m  the 
margin  of  one  of  these  appears  to  be  a  felspar-porphyry 
with  felspar  phenocrysts  and  numerous  actinolite  needles, 
an  increase  in  the  number  of  which  transforms  the  rock  into  an 
actinolite-amphibolite  or  hornblendite.  This  rock  the  Petrologist 
considers  more  closely  allied  to  the  Paddy's  Flat  than  to  any  other 
porphyry,  and,  occurring  as  it  does  on  the  margin  of  the  Meeka- 
tharra  Granite,  it  is  evidence  that  the  latter  and  the  various  por- 
phyries have  a  common  origin. 


Fig.  21. 


Photo.:  E.  de  C.  Clarke.  Neg.  1217. 

Outcrop  of  Porphyry  and  Quartz  Blow  one  mile  south  of  Yalo- 
ginda.  Porphyry  outcrops  also  on  the  far  side  of  this 
quartz  blow. 


2.    Pioneer  T^/^e.  — Granite-  and  true  quartz  i)ori)hyry. 

The  Pioneer  dyke  occurs  in  (he  Pioneer  Group  a  short  distance 
east  of  Meekatharra  and  is  mapped  on  Plates  and  XTIT.  (Sheets 
1  and  3).    It  outcrops  in  its  nortliern  part. 

A  micacised,  (ine-grained  p<)r])]iyry  verging  on  granite-por- 
l)hyry,  a  coarse  granite-i)()ri)liyry,  and  a  true  (juart/  porphyry,  with 
intermediate  tyj)es,  are  all  represented  in  this  dyke. 

KcorioMiically  it  is  of  iiii | lort ancc,  Ix'ing  coniiccled  with  some  ot* 
th(!  tii-st-discoN-ered  gold  hearing  xcins  of  Meekal liarra.  These  {see 
further  Gha|)t('r  VT.)  are  regarded  as  ultra-acid  portions  of  the 
j)()r|diyiy  wliieli  were  exliudeij  just   hel'ore  its  litial  consolidation. 
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They  cut  obliquely  through  the  porphyry  aud  neighbouring  green- 
stones and  yield  nearly  all  their  gold  from  tlie  parts  which  lie  in 
the  greenstone. 


Fig.  22. 


Photo.:  E.  de  C.  Clarke.  Nag.  1413. 

Halcyon  Porphyry  Dyke  in  25ft.  level  off  shaft  M.  (G.M.L. 
425.\'.)  Shows  quartz  veins  of  dyke  ending  against  schist 
wall. 


Near  the  68-rnile  post  on  the  Peak  Hill  road  occurs 
probably  a  marginal  phase  of  the  Meekatharra  granite,  showing 
affinities  with  other  types  and  a  marked  resemblance  to  the  Pioneer 
porphyry.    It  is  thus  a  link  between  this  rather  distinct  rock  and 
the  other  acid  intrusives. 
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[■gj-g]  fi'oiii  scattered  boulders  near  the  racecourse  about  three 
miles  north  of  Naunine  is  very  similar  both  mega-  and  microscopi- 
cally to  [-1^3-]  except  that  it  shows  no  quartz  phenocrysts.  From 
their  field-position  the  boulders  would  appear  to  indicate  a  dyke 
running'  northwards  from  the  granite  at  Nannine. 

3.  Halcyon  Type. — Chloritised  albite  porphyry  with  auriferous 
cross  veins. 

None  of  the  dykes  mentioned  under  this  head  are  found  out- 
cropping. 

(a)  Halcyon  Dyke.— This  dyke  has  been  traced  with  fair  cer- 
tainty for  about  half-a-mile  from  the  north  end  of  the  Commodore 
G.M.L.  to  that  of  the  Halcyon  Extended  Lease.  The  hig-hly  kaolin- 
ised  rock  of  the  New  Orlears  Group  further  nortli,  though  on  the 
line  of  this  dyke,  lacks  its  most  distinctive  features. 

The  Halcyon  dyke  varies  from  a  very  acid  phase  of  a  quartz- 
porphyry  magma  [yji]  through  a  platy  albite-iiorphyry  (34Ge) 
to  a  chloritised  albite  pori^hyry  [  Jg]. 

From  their  field  positions  tlie  Paddy's  Flat  and  Halcyon  dykes 
mig-ht  well  be  parts  of  tlie  same  intrusion,  but,  petrologically,  they 
differ  considerably.  An  additional  difference  is  that  the  Halcyon 
Dyke  carries  small  auriferous  quartz  veins  which  usually  end  against 
the  "greenstone"  walls  of  the  dyke  (Fig,  22). 

(b)  Beverley  Dj/ke. — On  the  map  this  figures  rather  largely 
just  west  of  Meekatharra  (Plates  IV.  and  XI.).  It  is  found  in  the 
old  Beverley  workings  and  at  tlie  north-west  corner  of  Meekalharra 
town  site.  Its  possible  northern  and  southern  extensions  occur  re- 
spectively in  a  small  shaft  near  the  old  Rifle  Range  and  in  a  shaft 
near  the  21 -mile  post  on  the  Nannine  road. 

So  far  as  known,  the  gold  occurs  in  small  veins  in  this,  as  in 
the  Halcyon,  dyke.  The  rock  is  too  decomposed  for  microscopic 
examination  and  there  is  llierefore  no  evidence  as  to  its  real  afiinities. 

(c)  Ttomsey  Dyke. — This  dyke,  whicli  traverses  the  Romsey 
Group  near  Yalogfinda,  and  is  responsible  for  all  the  gfold  won  in 
(hat  neiglibourhood,  agrees  in  i)efrology  and  mode  of  gold  occurrence 
with  the  Halcyon  Dyke. 

The  Romsey  Dyke  jfossibly  extends  norlliward  to  llie  "cement 
patch"  (see  ("haplcr  Yl..  p.  1f)0). 

(d)  nornsl)y  />?//.7'.-  Probalily  llie  highly  weatliered  acid  in- 
trusive in  the  Lewes  Caslh'  and  Hornsby  (ilroups  is  of  tlie  same  tyj")e 
as  the  Romsey  Dyke  and  is  conned (m1  with  it, 
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4.  Haveluc'k  Type. — Petrology  unknown.  Gold  carried  both 
in  felspathic  and  quartzose  portions,  which  seems  sufificient  reason 
for  separating  this  type  from  the  others. 

(a)  Haveluck  Dykes. — Tliese,  occurring  on  the  Haveluck  Group, 
are  described  in  Chapter  VI.,  p.  108.  No  specimen  fresh  enough 
to  repay  microscopic  examination  can  be  obtained. 


ih)  Balph/s  Patch  Dykes. — These  lie  about  a  quarter  of  a  mile 
east  of  the  Haveluck  dykes,  with  which  they  are  grouped  from  their 
nearness  in  the  field  more  than  any  other  reason. 
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(c)  Jasper  Star  Dykes. — These  are  much  decomposed  appar- 
ently intrushe  rocks.  They  lie  a  little  east  of  the  Sabbath  Group 
and  are  the  only  acid  intrusives  (except  two  outcrops,  probably  of 
porphyry,  50  chains  west  of  the  29-mile  post  and  120  chains  W.S.W. 
of  the  28-mile  post,  Garden  Gully  road)  found  north-west  of  the 
Meekatharra  granite.  No  information  could  be  obtained  as  to  their 
relation  to  the  gold-occurrence  in  the  vicinity. 


Fig.  24. 


Photo.:   i;.  <!.■  <  .  <  Inrko.  Nog.  1424. 

Havcluck  Porphyry  below  50ft.  level  near  North  Shaft 
(G.M.L.  236N). 
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5.  Effects  of  the  Intrusions. — The  contact-met  amorphic  effect  of 
the  porphyries  and  those  of  the  veins  which  followed  shortly  after 
their  intrusion  cannot  be  distinguished  and  are  considered  in  the  next 
chapter. 

0.  Source. — The  porphyries  of  the  Meekatharra  Area,  though 
differing  from  place  to  place,  show  a  variety  of  intermediate  types 
and  it  is  reasonable  on  the  score  of  their  chemical  composition  to 
suppose  that  they  and  the  Meekatharra  granite  have  a  common 
origin.  None  of  the  dykes,  except  the  Ralph's  Patch,  can  be  proved 
in  the  field  to  join  the  granite — OAvmg  to  the  obscurity  of  the  granite 
boundary  itself  such  proof  would  be  impossible — but  their  orienta- 
tion makes  such  a  connection  highly  probable. 

The  absence  in  the  porphyries  of  the  shearing  which  is  so 
marked  in  the  granites  ma^^  seem  an  insuperable  objection  to  the 
idea  that  they  come  from  the  same  source  as  the  granite.  If,  how- 
ever, the  intrusion  of  the  dykes  was  followed  by  a  lidl  in  earth- 
movements,  then,  after  their  consolidation — a  comparatively  rapid 
process — their  compactness,  the  general  parallelism  of  their  long- 
axes  to  the  direction  of  shearing,  and  the  fact  that  they  were  sur- 
rounded by  readily  yielding  (because  already-sheared)  rocks,  would 
render  thein  inniiune  from  shearing. 

III.— GREEXSTOXES. 

In  the  Cue  district  Mr.  H.  P.  Woodward*  distinguishes  two 
classes  of  '^greenstones" — older  chloritie  schists  and  amphibolites 
which  are  traversed  by  younger  dykes  of  dolerite,  gabbro  and  ande- 
site.  He  regards  the  older  greenstones  as  old^r  than  the  porphyritic 
granite  (Southern  Cross  type  of  this  Bulletin). 

The  "greenstones,"  mapped  as  one  rock-series  on  Plate  II.,  but 
subdivided  in  the  more  detailed  maps,  include  unmetamorphoscd 
basic  igneous  rocks,  both  dyke,  flow  and  fragmental,  and  a  number 
of  more  or  less  metamorphosed  rocks — all  originally  basic  or  ultra- 
basic  igneous. 

A. — Unaltered   Igneous  Rocks. 

1.  Basaltic  Dolerite. — This  rock,  found  only  in  some  workings 
of  tlie  Paddy's  Flat  Belt,  is  a  mica-hornblende  dolerite.  f  Above 
water-level  it  is  converted  to  a  reddish,  spheroidally-weathering  clay 
in  which  remains  of  phenocrysts  can  be  seen.  It  is  thus  usually 
possible  to  distinguish  the  Aveathered  dolerite  from  other  "green- 
stones'^— a  matter  of  practical  importance,  for  the  dolerite  is  never 
auriferous,  and,  below  water-level,  is  an  expensive  rock  to  mine. 
Ignorance    of    these    facts    no    doubt    led    to    the    sinking  of 


♦  G.S.W.A.,  Bull.  No.  57,  p.  42. 

t  Farquharson,  G.S.W.A.  Bull.  No.  43,  p.  73. 
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the  old  main  shaft  of  the  Ingiiston  Extended  G.M.  in  the  dolerite, 
and  to  a  good  deal  of  fruitless  prospecting"  in  the  same  rock  in  the 
Ingiiston  South  Extended  and  United  leases. 

A  fuller  account  of  the  distribution  of  this  rock  is  given  in  Chap- 
ter VI.  It  is  sufficient  to  note  here  that  it  is  best  developed  in  tlie 
Ingiiston  Extended  G.M.  where  it  is  an  almost  vertical  dyke  with 
a  N.E.  and  S.W.  course,  and  that  it  can  be  traced  on  the  same  gen- 
eral course  nearly  half-a-mile  further  north,  its  northernmost  occur- 
rence (61d)  being  gabbroid  in  character.  South  of  the  Ingiiston 
Extended  it  turns  sharply  west,  cutting  across  the  Paddy's  Flat 
porphyry  dyke  and  lode-channel,  and  then,  resummg  its  south- 
westerly course,  may  be  identified  at  intervals  for  half  a  mile  further. 

The  basaltic  dolerite  is  the  youngest  of  the  deep  seated  rocks. 
It  has  been  subjected  to  no  shearing  or  other  earth-movements  and 
is  later  than  the  gold-bearing  solutions. 

In  general  appearance,  microscopic  structure,  and  relation  to 
other  rocks  and  to  ore  deposits  it  is  exactly  like  the  basaltic  dolerite 
of  Sandstone,*  of  the  Great  Fingall  Mine  and  of  the  Hidden  Treas- 
ure Mine  at  Cue. 

The  writer  is  informed  by  Mr.  H.  W.  B.  Talbot  that  dolerites 
very  similar  to  this  rock  are  found  frequently  from  Peak  Hill  north- 
wards intruding  rocks  of  all  ages,  including  the  Oakover  limestones. 
The  latter  rocks  occur  only  in  the  valleys  of  the  Oakover  River 
System,  the  high  land  being  occupied  by  beds  of  the  Nullagine  series 
{see  below,  p.  76),  and  appear  to  rest  unconformably  on  the  Nulla- 
gine beds.  The  Oakover  beds  would  thus  appear  to  be  estuarine 
deposits  quite  possibly  of  Tertiary  age.  It  thus  seems  likely  that 
the  intrusion  of  the  Ingiiston  Extended  dolerite  took  place  in 
tertiary  or  even  later  times. 

2.  Norite. — ^The  summit  of  Barloweerie  Peaks  (Fig  12)  is 
composed  of  norite  (for  further  description  see  Chapter  VII.).  A 
similar  rock  has  been  described  from  Cue.f  Norite  dykes  have  been 
recognised  in  various  parts  of  the  State,  the  typical  locality  being 
Norseman,  Avhere  they  are  said  to  be  the  "most  recent"  of  all  rocks 
in  tlie  district.t  No  evidence  as  to  the  relation  of  llie  Barloweerie 
norite  to  neighbouring  rocks  has  been  obtained. 

3.  Volcanic  Series. — Basaltic  and  andesilic  Cragnienlal  rocks 
and  flows. 

Distrihuiion. — Tliis  series  lies  irnnuMlialol y  (>as{  and  south-east  of 
tlie  Paddy's  Flat  Belt,  stretching  in  :•  naiiow  band  fnmi  near  the 
Globe  G.M.  to  the  neighbourhood  of  the  Mac(iuarie  Lease,  and,  like 

•  (J.S.W.A.,  Bull.  X...  (5"i.  pp.  :M-40. 

tOi'.Hoii,  (J.S.W.A.,  \Ui\\.  Xo.  II,  p.  1.-);  ;ui(l  SiiiipsDii,    (l.S.W.A.,    Bull.  No. 
2!),  I'lirt  II..  l».  f)!. 

I  Campbell,  (;.S.W.A.,  Bull.  No.  21,  p.  24. 
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other  rocks  of  the  Area  mapped  almost  solely  from  outcrops,  its 
boundaries  can  only  be  vaguely  determined. 

Petrology— {[.)  Andesitic  and  Basaltic  Flows. — ^These  show 
much  variety  in  state  of  preservation,  some  outcrops  being  very 
weathered,  others  hard  and  fresh.  They  may  be  broadly  described 
as  fine-gTained,  phenocrystal  flow-rocks,  ranging  from  basalt  to 
augite  andesites.  Hand  specimens  do  not  differ  markedly  in  ap- 
pearance from  the  doleritic  gTeenstones  described  below. 

(ii.)  Fragmental  Yolcanics. — These  vary  as  much  in  state  of 
preservation  as  the  flow-rocks,  and  are  volcanic  breccias  and  crystal 
tuffs  containing  fragments  up  to  half  an  inch  in  length  of  the  flow- 
rocks  and  also  of  the  older  greenstones.  In  hand  specimens  the  frag- 
mental nature  of  the  rock  is  at  once  evident. 

Flow-  and  fragmental  rocks  occur  together  in  alternating 
bands.  The  best  example  is  about  I14  miles  E.S.E.  of  the  Gwalia 
Extended  G.M.L.,  where  bands  of  fresh  augite  andesite  and  of  tuffs 
outcrop. 

Age  and  Belation  to  oilier  Rocks. — The  volcanic  series,  judged 
only  by  its  general  freshness  and  unmetamorphosed  character, 
would  be  regarded  as  recent  compared  to  the  gTeenstones  yet  to  be 
described.  Petrologically  it  shows  little  affinity  to  the  basaltic 
dolerite  of  which  it  might  otherwise  be  regarded  as  the  surface 
equivalent.  There  are  reasons  {see  below,  p.  73)  for  correlating 
it  with  sediments  of  possibly  Devonian  age. 

B. — Metamorphosed  Igxeous  Rocks. 

1.  Of  Doleritic  Origin. — Except  the  comparatively  small  areas 
occupied  by  the  peridotitie  greenstones,  and  those  described  above, 
all  the  greenstone  country  in  the  District  is  composed  of  rocks  of 
this  subdivision.  It  must  be  noted,  however,  that  considerable  ex- 
panses mapped  as  metamorphosed  dolerites  are  covered  with  super- 
ficial deposits  and  yield  no  information  as  to  the  type  of  greenstone 
obtaining  there. 

So  much  does  the  intensity  of  metamori)hism  vary  in  the  rocks 
of  this  subdivision  that  specimens  might  easily  be  chosen  Avhich 
are  a[)parently  very  unlike.  However,  wdien  the  complicated  inter- 
relationships of  the  varieties  are  considered*  (Chapter  A^II.)  it  is 
evident  tliat  the  rocks  have  a  common  origin. 

Similarly  the  "greenstones"  of  Sandstone  and  Hancocks  owe 
their  differences  to  varying  intensity  of  shearing  and  are  derived 

*  Fig.  25  is  an  attempt  to  show  graphically  the  affinities  of  the  doleritic  green-  ■ 
■  stones  (exdudint?  those  of  Paddy's  Flat).  The  specimen -numberf5  are  shown  approxi-  ■ 

mately  in  their  field  positions.  Heavy  lines  lead  from  those  least  altered  from  the  original  • 
•  and  end  in  arrow  heads  against  their  derivatives.  Thin  lines  connect  similar  rocks  about  • 

equally  metamorphosed.    Broken  lines  indicate  uncertainty.    It  will  be  found  that  all 

the  rocks,  however  diverse,  are  ultimately  connected. 


(3) 
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from  a  single  roek-mass  of  which  the  least  altered  parts  are  exactly 
similar  to  the  least  altered  of  the  Meekatharra  greenstones  (Group 
(a)  below)*    In  the  Cue  district  also  are  large  developments  of 

Fig.  25. 


AKNEENHiu  j_ 
.  J:>  354 


ui-jililiscd  /oisil  iscd  doh'ritcs,!  Troiii  wliicli  it  seems  prohnhle  (luil  the 
more  schistose  greenstones  lunc  been  <UM'ive(l. 


♦  (i.H.W.A.,  Bull.  No.  «2,  p.  11),  el  seq. 
tO.S.W.A.,  Bull.  No.  29,  Part  II.,.  pp  tA-b'Z. 
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A  comparison  of  the  Kalgoorlie  and  Meekatharra  greenstones 
and  further  reference  to  the  correlations  suggested  above  are  given 
in  Chapter  VII. 

Although  it  is  impossible  to  draw  many  definite  boundaries  be- 
tween the  various  dolerite  derivatives,  the  following  classification 
has  been  adopted  in  mapping,  and  the  varieties  can  usually  be  dis- 
tinguished without  the  aid  of  the  microscope : — - 

(a)  Uralitised,  zoisitised  dolerites. 

(b)  Aetinolitic,  zoisitic  rocks. 

(c)  Massive  amphibolites. 

(d)  Hornblende  schists  (Batavia  schists). 

(e)  Sheared  amphibolites  (Yaloginda  schists). 

(f)  Sheared  chlorite-felspar  rocks  (Kyarra  schists). 

(g)  Sheared  porphyritie  chloritic  dolerites  (flecked  schists). 

(h)  Some  talc-chlorite-carbonate  rocks. 

(i)  Fuchsite-quartz-carbonate  rocks. 

(a)  Uralitised,  zoisitised  Dolerites. — These,  which  are  the  least 
altered  from  the  original  rock  of  the  series,  are  found  in  several 
places,  generally  on  the  island  hills  (Chapter  III.,  p.  43),  where, 
as  at  Mt.  Obal,  sheared  rocks  [11318]  are  found  to  pass  along  their 
strike  into  the  uralitised  dolerites  [11317],  [3J9].  These  massiv^e 
rocks  are  also  flanked  by  sheared  varieties,  and  in  one  locality  (Gar- 
den Gully)  by  the  actinolite  rocks  next  described. 

Hand-specimens  of  the  uralitised  dolerites  are  usually  greyish- 
green  and  of  medium  grain.  Small  hornblende  prisms  seem  to  make 
up  more  than  half  the  rock.  Small  yellowish  or  greenish-white  fel- 
spars are  scattered  through  the  hornblende  mass.  With  the  micro- 
scope, quartz  is  usually  found  as  an  original  constituent,  but  it  is 
very  rare  or  absent  in  52d,  53d,  54d,  [33-4]-  ^he  relative  amounts 
of  uralite  and  felspar  vary,  uralite  being  predominant  in  52d,  while 
has  much  more  felspar  than  uralite. 

These  rocks  very  occasionally  carry  quartz  veins  which  are 
apparently  quite  barren. 

(b)  Aetinolitic,  zoisitic  Rocks. — The  usual  rock  of  this  variety 
is  a  partially  slieared  zoisitic  amphibolite  or  epidiorite  formed  by 
dynamic  metamorphism  from  the  dolerite  last  described,  to  which  its 
field  relation  has  been  indicated.  Aetinolitic  rocks  are  notably  de- 
veloped only  at  the  "Old  Battery"  and  Kyarra  Groups  at  the  north 
end  of  the  Area. 

This  rock  can  be  recognised  in  hand-specimens  by  tlie  obvious 
needles  of  actinolite  forming  a  felt  through  the  rock.  Usually  the 
aetinolitic  rocks  resist  weathering,  and  their  toughness  and  refusal 
to  break  in  any  particular  direction  distinguish  them  from  all  other 
rocks  found  outcropping. 
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Two  varieties  are  recognised  by  microscopic  work : — 
(i.)  Extremely  fine-gTained  rocks  made  up  of  minute  felspar 
laths  with  zoisite  grains  and  hornblende  needles.  This  variety  js 
little  if  at  all  sheared.  The  only  examples  collected  are  [3;^]  and 
[3-^] ,  which  are  derived  from  rocks  like  (fine-gTained 
dolerites). 

(ii.)  Intensely  fibrous,  contorted,  sometimes  platy,  fibrous  am- 
phibolites.  These  do  not  show  felspar  laths  and  are  derived  from 
such  rocks  as  52d. 

It  is  clear  that,  though  these  varieties  and  perhaps  others  can 
be  distinguished,  transition-forms  are  abundant  and  there  is  no 
reason  to  regard  the  Iavo  as  more  than  varieties  of  the  same  rock. 

The  actinolitic,  zoisitic  rocks  occasionally  carry  small  quartz 
veins  which  appear  to  be  barren. 

(c)  Massive  Amphiholites.  — In  many  places  patches  of  massive 
rock  too  decomposed  for  i:)rofitable  minute  examination  have  been 
found  and  mapped  under  this  title,  for  they  seem  more  likely  to  be 
decom])osed  rocks  allied  to  (a)  above  than  weathered  peridotitic 
rocks.  They  appear  to  be  quite  barren  and  call  for  no  further 
notice. 

(d)  Hornblende  (Batavia)  Schists. — A  belt  of  these  rocks  ex- 
tends from  the  southern  limit  of  the  Area  to  some  distance  north 
of  the  Batavia  workings. 

Hand  specimens  are  very  dark  coloured  or  black,  and  vary  con- 
siderably in  texture  and  obvious  schistosity.  Further  descriptions  are 
given  in  Chapters  VI.  and  VII. 

Economically  these  rocks  are  of  slight  importance  so  far  as  the 
Meekatharra  Area  is  concerned,  tlie  only  workings  in  them  being  those 
of  the  Batavia. 

(e)  Sheared  Amphiholites  [Yaloginda  Schists). — The  rocks  thus 
designated  form  the  bulk  of  the  country  round  Yaloginda.  Their 
common  parentage  witli  subdivisions  (a)  and  (b)  is  undoubted,  and 
lliey  also  show  afhiiities  to  (lie  more  me(ain()ri)liosed  greenstone  de- 
scri})ed  below. 

TIk;  few  comj)aratively  unweathered  si)ecimens  obtainable  are 
liglit-green  and  greatly  sheared,  but  have  not  the  distinct  flecks  of 
llic  Paddy's  Flat  sheared  dolerites. 

In  wcatliered  specimens,  i-ocks  of  varieties  fe),  (1),  and  (g) 
ace  iiulisl inguisliable,  and,  owing  lo  llic  alniosl  coniph'U'  absence  of 
underground  workings  Ix'lwccn  Hie  Sirdai-  (li'(ni|)  and  !*a(hly's  I''1m<. 
no  allenipl  lias  been  made  to  iilace  any  boiindaiT  between  the  "^'a^)- 
uinda"  and  "flecked"  schists. 

Kcononiically  (liesc  I'ocks  are  important  as  llicy  form  the  coun- 
Iry  l)otli  ol'  Hie  small,  sometimes  )-i(di.  xcins  of  ^'aloginda  and  of 
"lode  f(.i-malions"  in  llic  Karangaliaki  I'.cll. 
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(f)  Sheared  Chlorite-Felspar  Rocks  {Kyarra  Schists). — North 
and  west  of  the  belt  of  Meekatharra  granite  is  the  greenstone 
"island"  of  Abbott's  and  Garden  Gully.  The  centre  and  west  of  the 
part  dealt  with  in  this  report  is  a  plain,  devoid  of  outcrops,  from 
which  rise  a  few  "island  hills"  of  the  more  massive  greenstones 
(varieties  (a)  and  (b)).  The  eastern  part  is  gently  undulating 
country  very  thickly  strewn  with  the  debris  of  the  quartz  reefs 
which  not  infrequently  outcrop,  and  also  showing  outcrops  of  schis- 
tose rocks,  the  structure  of  which  is  obscured  by  excessive  weather- 
ing or  by  surface  silicification.  Close  to  the  granite,  indeed,  about 
11/4  miles  S.W.  and  1^4  KE.,  respectively,  of  the  29-mile  post  on 
the  Garden  Gully  road,  fairly  fresh  rocks  of  subdivisions  (d)  or  (e) 
outcrop,  but  it  is  thought  that  the  bulk  of  the  country  north  of  the 
granite  is  made  up  of  schists  of  the  kind  found  in  the  Kyarra  and 
Eclipse  Groups. 

The  best  specimens  of  these  rocks  obtainable  have  suffered  mucli 
from  weathering.  In  hand-specimens  they  are  generally  dull  green, 
rather  fine-grained  and  show  strong  schistosity.  Microscoi)ically, 
though  there  are  considerable  differences  between  specimens  from 
almost  the  same  spot,  the  rock  is  broadly  a  felspathic  chloritic  schist 
l)robably  derived  by  shearing  from  doleritic  rocks.  This  view  as  to 
their  relationship  is  confirmed  by  the  occurrence  in  the  Kyarra  Mine 
of  an  actinolite  rock  closely  associated  with  these  schists,  and  of 
rocks  [gjo^]  passing  into  them  and  yet  closely  similar  to  the  slaty 
dolerite  rock  (g)  of  Paddy's  Flat. 

Highly  decomi)osed  Kyarra  schists  are  abundantly  netted  with 
gypsum  crystals  in  some  of  the  "Old  Battery"  shafts. 

Veins  have  been  worked  in  different  |3laces  in  the  Kyarra  schists, 
notably  those  of  the  Kyarra  G.M.  The  country  built  up  of  these 
rocks  deserves  more  thorough  prospecting. 

(g)  Sheared  Forphyritic  Chloritic  Dolerites  {Flecked  Schists). 
— The  hulk  of  the  country  near  Meekatharra  is  composed  of  rocks  of 
this  subdivision,  which  form  a  complex  with  the  peridotitic  rocks 
(see  Plates  IV.  and  XIII.).  The  separation  of  these  two  types  in 
the  field  is  often  difficult  and  the  boundaries  are  by  no  means  as 
definite  as  would  appear  from  the  maps. 

It  will  suffice  to  say  here  that  the  flecked  schists  are  sheared  talc- 
chlorite  rocks  showing  chloritic  or  talcose  patches,  which  are  pro- 
bably rolled  out  ferro-magnesian  crystals,  embedded  in  a  ground 
mass  which  generally  shows  some  trace  of  its  doleritic  origin. 

In  hand-specimens  two  varieties  are  easily  recognised  and  are 
separated  in  Plate  XIII. : — 

fi.)  Flecked  Schists.— These— of  which  [^-i^]  from  the  Queen 
of  the  Hill  G.M.  is  typical — are  characterised  by  tlieir  sheared  char- 
acter and  the  many  darker  lenticular  patches,  in  places  half  an  inch 
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long,  arranged  parallel  to  the  shear  planes.  So  conspicuous  are  these 
patches  that  the  rocks  were  regarded  as  sheared  fragmentals  until 
the  theory  was  disproved  by  further  microscopic  work. 

(ii.)  Chloritic  Slates. — Found  in  patches  amongst  the  flecked, 
Kyarra,  and  Yaloginda  schists,  these  are  believed  also  to  have  con- 
siderable development  in  the  Jasper  Bar  Country  {see  p.  85). 

The  unweathered  rock  is  a  soft  dull  grey-green  (sometimes  pis- 
tacliio  green),  coarsely  jointed  slate  with  imperfect  fissility.  Occa- 
sionally patches  like  those  of  the  flecked  schists  are  recognisable. 
Microscopically  this  rock  is  like  the  flecked  schists. 

Economically  the  flecked  schists,  forming  as  they  do,  part  of 
the  country  of  the  most  important  ore  deposits  of  ihe  Area,  are  note- 
worthy. Tlie  same  ore-channel  when  traversing  both  peridotitic 
and  doleritic  rocks  (flecked  schists)  is  usually  larger  and  more  uni- 
form in  the  latter  than  in  the  former. 

(h)  Some  Talc-Chlorite-Carhonate  Bocl''s. — These,  recognised 
only  in  the  Commodore  G.M.,  much  resemble  rocks  of  peridotitic 
origin,  but  microscopic  study  tends  to  show  that  they  belong  to  the 
doleritic  group.  Further  discussion  will  be  found  in  Chapters  VI. 
and  VII. 

(i.)  Fuchsite-Quartz -Carbonate  Rock. — This  rock  occurs 
alongside  the  Paddy's  Flat  Porphyry,  in  its  southern  part,  and  in 
the  Ingliston  Extended  CM.  It  is  also  found  in  the  Ingliston  and 
Commodore  G.Ms,  and  (identified  only  by  its  highly  weathered  pro- 
ducts) is  mapj^ed  as  extending  thence  south  to  the  Ingliston  Ex- 
tended. Fuchsite  rock  is  also  strongly  developed  in  the  Globe  G.M. 
south  of  the  Paddy's  Flat  Belt.  Some  idea  of  the  irregular  distribu- 
tion of  this  rock,  in  depth  is  gained  from  the  geological  plans  of 
the  mines  mentioned  above. 

Hand  specimens  from  below  the  zone  of  oxidation  are  char- 
acterised by  their  bright  green  colour.  They  vary  in  grain  from 
medium-coarse  to  fine  and  are  usually  very  abundantly  seamed  with 
quartz  veins  (Fig.  50).  Carbonate  crystals  showing  sliining  cleavage 
faces  and  occasional  small  crystals  of  pyrite  and  arsono]iyrite  are 
the  only  rec()gnisa])]e  minerals. 

This  rock  wcatlici-s  to  a  l)r()\vnis]i  gi-itty  nias^  in  wliicli  tlie  (i|nartz 
veins  stand  in  strong  relief.  Sonietinies  the  iron  oxide  segregates 
into  bands  of  liinonite  leaving  the  rock  bleached,  save  for  a  slight 
grcenisli  tinge  (hie  to  the  presence  of  Cnclisite. 

Microscopic  work  shows  th;it  Ihe  fuchsite  rock  is  pi-obably  a 
derivative  of  the  doleritic,  nol  of  Ihe  |)eri(h)tit  ic  series,  so  far  as  the 
Meekalharra  Area  is  concei-ned.  Tiiis  view  receives  a  little  support 
and  no  decirled  opposition  from  the  obspwations  made  underground 
by  the  writcT. 
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The  quartz  veins  which  traverse  the  fiichsite  rock  frequently 
yield  gold,  examples  being  the  West  Lode,  Main  Spur  and  auxiliary 
veins  in  the  Ingiiston  Extended  G.M.,  and  the  lodes  of  the  Gwalia 
Extended  Group  and  of  the  Ingiiston,  Commodore  and  Globe  G.Ms. 

2,  Of  Peridotitic  Origin. — In  the  preceding  division  reference 
has  been  made  to  the  complicated  relationship  between  peridotites 
and  dolerites  and  to  the  difficulty  of  distinguishing  their  highly  meta- 
morphosed representatives. 

The  peridotitic  rocks  may  be  subdivided  into : — 

(a)  Talc-Serpentines. 

(b)  Carbonate-Chlorite  Rocks  (sheared  in  part). 

(a)  Talc-Serpentiyie. — This  rock  occurs  most  typically  in  four 
widely  separated  localities — on  hills  about  two  miles  south  of  Belele 
Homestead,  about  17  miles  west  of  the  Area;  east  of  the  Old 
Battery  Group;  in  the  Pioneer  Group;  and  at  the  north  end  of 
the  Karangahaki  Belt.  It  is  also  found  in  places  in  the  Paddy's 
Flat  Belt.  In  each  case  the  serpentine  is  closely  associated  with 
members  of  the  doleritic  series  already  considered — unsheared  in  the 
second,  sheared  in  the  other  localities.  There  is  no  evidence  to  show 
whether  the  serpentine  is  merely  a  basic  segTegation  of  the  doleritic 
magma  or  a  separate  intrusion. 

In  hand-specimens  these  rocks  are  soft  and  almost  black. 
Under  the  microscope  their  peridotitic  origin  is  fairly  clear  (Chap- 
ter VII.). 

The  unsheared  serpentines  contain  no  gold  deposits. 

(b)  Carhonate-Chlorite  Bocks— in  part  sheared.  — The  close 
relation  between  the  doleritic  and  peridotitic  rocks  and  the  field-dis- 
tribution of  the  latter — the  great  bulk  of  which  are  included  in  this 
variety — have  been  sufficiently  referred  to  above. 

In  the  detailed  description  of  Paddy's  Flat  Belt  the  carbonate 
rocks  are  rather  artificially  divided  into  "sheared"  {i.e.  the  "black 
schists"  of  the  Ingiiston  Extended  G.M.)  and  "little  sheared"  {e.g., 
the  carbonate  rock  of  the  Consols  Group).  It  is  probable  that  all 
are  derived  by  shearing  from  rocks  of  the  serpentine  type  described 
above. 

When  weathered,  the  strongly  sheared  varieties  ("black 
schists")  retain  their  gross  structure,  whereas  the  less  sheared, 
highly  carbonated  varieties  decompose  far  more  extensively  and 
assume  rather  the  appearance  of  decomposed  fuchsite  rock.  It  is 
thus  possible  that  some  of  the  country  mapped  as  fuchsite-car- 
bonate  (doleritic)  rock  solely  on  the  appearance  of  weathered 
specimens  belongs  to  the  subdivision  now  under  discussion. 

If  carbonate  is  less  abundant  the  rocks  weather  to  a  clayey 
aggregate  of  talc  and  chlorite  scales  which,  in  the  Gwalia  Extended 
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Group  and  elsewhere,  has  been  frequently  mistaken  for  the  Ingiiston 
Extended  dolerite,  of  which,  apart  from  microscopic  differences,  it 
does  not  jjossess  the  characteristic  colour  and  spheroidal  weathermg. 

Oval  concretions  of  magnesite  are  not  uncommon  in  highly 
weathered  portions  of  the  carbonate-chlorite  rocks. 


IV.— SEDIMENTARY  ROCKS. 
In  this  section  the  writer  is  indebted  to  Mr.  A.  Gibb  Maitland 
for  the  use  of  his  notes  and  mapping  of  the  sediments  near  Meeka- 
tharra  and  at  Mt.  Yagahong,  also  for  his  section  of  the  latter;  and 
to  Mr.  H.  W.  B.  Talbot  for  many  notes  and  for  the  correlation  of 
the  rocks  under  discussion  with  those  further  north. 

Broadly  speaking,  the  archsean  granite-gTeenstone  complex 
disapi)ears  north  of  the  Meekatharra  District  under  a  succession  of 
ancient  sedimentaries.  However,  extensive  archsBan  inliers  do  occur 
to  the  north,  and,  on  the  other  hand,  a  few  sedimentary  outliers 
have  been  found  in,  or  just  north  of,  the  Meekatharra  District. 
These  appear  to  belong  to  two  series:  — 

A. — Older. 

These  lie  north  of  the  District  as  defined  (Chapter  I.,  p.  23) 
eight  miles  east  of  the  Ruby  Well  leases. 

They  consist  of  conglomerates  (and,  south  of  the  Harder  to 
Find,  also  slates)  vertical  or  dipping  northwards  at  60°  or  more, 
and  contain  small  auriferous  quartz  veins.  They  are  regarded  as 
the  same  series  as  the  Mosquito  Creek  beds  which  are  extensively 
developed  in  the  Pilbara  Goldfield,  where  they  are  unconformably 
overlain  by  sandstones  and  conglomerates  of  the  Nullagine  series.* 

B. — Younger. 

These  rocks  cover  an  area  of  only  about  eight  square  miles  in 
the  District.  Their  most  striking  development  is  at  Mt.  Yagaliong 
(Figs.  1,  14,  26,  27),  and  they  are  also  found  at  Table  Top  Hiil 
(Figs.  If)  and  28),  again  If)  miles  finllier  norlli,  and  again  near 
llie  Ruby  Well  Leases. 

At  Ml.  Yagahong  the  lowest  member  of  the  series  is  a  granitic 
conglomerate,  above  wliich  comes  a  succession  of  dark,  dense,  close- 
grained  rocks  varying  somewhat  in  lexlin-e.  Alllioiigli  their  occur- 
rence in  ))tdk  leaves  no  doubt  of  llieir  sedimentary  cliaracter,  hand 
specimens  iniglil  be  mistaken  foi-  a  (ine-gi-ained  "greenslonc."  A 
specimen  15334  ]  was  descrilx'd  ])y  Mr.  C.  G.  Gibson  f  as  a  basic 

•  A.  (lihl)  Maillimd,  C.S.W.A..  I5iilli-lin  No.  40. 
t  (J.S.W.A.,  liiillfiiii  No. 11,  I).  1  I. 
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tuff.  Mr.  Farquharson  has  determined  the  rock  to  be  in  i)art  an 
arkose  and  in  part  tufaeeous.  'The  tnfaceons  faeies  sliows  sucli  a 
close  petrological  resemblance  to  the  fragimental  volcanics  described 

Fig.  20. 


Photo.:  E.  de  C.  Clarke.  Neg.  3  297. 

Horizontal  Sedimentaries  forming  cliff  on  south  side  of  Mt. 
Yagahong. 

above  (p.  05)  thai  the  latter  may  reasonably  be  regarded  as  fur- 
ther outliers  of  the  same  series. 
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The  Table  Top  Hill  rocks  have  not  been  microscopically  ex- 
amined. They  are  more  shaly  in  character  and  are  considerably 
more  weathered  than  the  Yagahong  beds. 

Fig.  28. 


Photo.  E.  de  C.  Clarke.  Neg.  1214. 

Horizontal  Sedimentaries,  Table-Top  Hill. 


Mr.  Talbot  describes  the  occurrences  further  north  as  being  of 
much  the  same  character. 

In  all  places  the  Younger  Sediments  are  practically  horizontal. 

C. — Of  Doubtful  Age. 

Close  to  the  south-eastern  edge  of  the  Meekatharra  gi-anite  in 
the  Haveluck  Group  and  its  vicinity,  fine-grained  gritty  sediments 
outcrop  frequently,  and  are  also  found  in  Shaft  21  of  the  Have- 
luck Group  {see  Plate  IX.)  and  in  the  Quarry  Reserve,  whence  the 
rock  has  been  taken  for  several  buildings  in  Meekatharra.  Their 
stratification  is  nowhere  clearly  seen,  but  in  shaft  21  there  is  an 
apparent  dip  south  at  58°.  In  shaft  20  an  incoherent  coarse  con- 
glomerate  of  water-worn  ''Soutliern  Cross"  Granite  boulders  lies  un- 
conforraably  on  the  flecked  schists  (Fig.  29).  The  direction  of 
dip  of  the  conglomerate  and  its  relation  to  the  gritty  beds  could 
not  be  ascertained. 

The  grits  are  yellow,  or,  in  the  case  of  the  quarry  rock,  white, 
arkoses.  In  one  place  at  the  side  of  the  Garden  Gully  Road  they 
contain  small  quartz  stringers. 
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Although  these  gTits  and  conglomerates  are  mapped  as 
Younger  Sediments,  their  apparently  inclined  position  and  the 
jDresence  of  quartz  stringers  perhaps  indicate  more  resemblance  to 
the  older  sediments. 

Excepting  the  building  stone  just  mentioned,  the  sediments 
yield  nothing  of  economic  importance  in  the  Area. 


D C  0  RRE  L  ATI  O  . 

'I'Ik;  liori/onlal,  younger  sediments  are  tlioughl  to  he  outliers  of 
tlie  Xulhigine  Series  whicli  lias  its  main  development  north  ol'  lati- 
tude 25°  S.  On  the  Canning  Stock  Koute  *  the  equivalents  of  the 
Nullagine  berls  are  unconformably  overlain  by  a  sei-ies  mainly  of 
sandstones.  These  sandstones  extend  nortliwai'ds  lo  I  he  i\iml)erley 
(Joldtield,  where  they  wei'c  mapped  as  (^arboni I'ci-ous  by  INIr.  K.  T. 
llardrnan,  t  and  where  they  unconConnably  oxcrlic  Hie  rocks  com- 
prising the  Albei't  Edward  Range,  which  llai-<hnan  c()nsi(hM'e:i 
Devonian.  Tiiese  Devonian  I'ocks  in  Ini'n  resi  nncon  lormably  on 
the  ITalTs  Creek  auriferous  beds. 

•  riilhot,  O.S.W.A.,  Bullotin  No.  :^0.  . 
+  Rc|)(»rts  on  tho,  Oooloijy  of  the  K  inil.crlcy  Dislrirt.    (I'ortli.  by  Authority,  188  t 
ami  1HK5,.) 
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The  Younger  Sediments  of  tlie  Meekatharra  District  are  there- 
fore probably  of  Devonian  age. 

v.— SUPERFICIAL  DEPOSITS. 

*The  large  area  over  which  geological  structures  are  masked  by 
superficial  deposits  is  approximately  that  shown  as  plains  on  Plate 

III.  ,  but,  in  addition,  the  greater  part  of  the  hilly  greenstone  tract 
is  covered  by  such  deposits  as  laterite,  boulders,  gTavel,  and  soil, 
through  which  occasional  greenstone  outcrops  project.  The  broken 
granite  country  is  generally  free  from  superficial  deposits. 

Superficial  deposits  are  not  mapped  on  Plate  II.,  and  on  Plate 

IV.  they  are  only  indicated  bordering  on  watercourses  and  where 
nothing  can  be  inferred  as  to  the  underlying  rocks.  On  the  more 
detailed  plans  they  are  also  ignored,  unless  in  the  total  absence  of 
outcroi:s  or  w  orkings,  surmise  as  to  the  character  of  the  liidden  rocks 
is  quite  unjustified. 

The  "alluvial"  of  the  Meekatharra  Area  has  yielded  a  consider- 
able but  unascertainable  quantity  of  gold  to  dry-blowers.  The  most 
]iroductive  patches  have  been  that  near  the  north  end  of  the  Yalo- 
einda  Belt,  those  on  the  Black  Jack  Group,  those  near  the  Haveluck, 
Ralph's  Patch  and  Bedford  Groups,  and  that  on  the  Kyarra  Group. 

The  superficial  deposits  are  of  two  kinds:  — 

A.  Those  formed  by  alteration  of  rock  in  situ. 

B.  Those  formed  of  transported  material. 

There  has  been  no  attempt  at  systematic  study  of  these  "rocks." 
In  a  few  cases  (in  which  the  rock  had  been  mistaken  in  the  field 
for  a  deep-seated  one)  microscopic  examinations  were  made. 

A. — Formed  by  Alteration  of  Rock  in  Situ. 
Obviously  no  hard-and-fast  line  can  be  drawn  between  weath- 
ered, deep-seated  rocks,  and  those  so  altered  as  to  constitute  a  new 
rock.  x\s  acquaintance  with  local  geology  increases,  the  number  of 
specimens  regarded  as  hopelessly  altered  will  diminish.  A  few 
cases  of  rocks  greatly  altered  by  Aveathering  may  be  mentioned 
here : — 

Two  whitish,  apparently  massive  rocks  from  the  Explosives 
Reserve  (•5326),  formerly  suspected  of  being  the  southern  continua- 
tion of  the  Beverley  Dyke  (see  p.  60),  yielded  the  following  results 
under  the  microscope: — 

[11192]  A  yellow-brown  rather  fine-grained,  som.ewhat  frac- 
tured rock.  Under  the  microscope  it  is  impossible  to  name  the  rock. 
It  seems  to  be  a  silicified,  completely  weathered  capping.  Another 
specimen  from  the  same  locality  has  in  section  a  somewhat  sheared 
structure. 
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[11193]  A  peculiar  cream-yellow  porous  quartzose  rock  with 
numerous  small  pale  or  blue-green  patches.  The  porous,  cellular, 
or  minute  vesicular  character  of  the  rock  is  quite  pronounced,  and 


Fig.  30. 


IMioto.:   K.  (Ic  ('.  (1ark(>.  Nog.  1412 

Schists  impregnated  with  Limonite  and  Silica  on  hill  50  chains 
west  of  330y2-M.P.  on  Railway  Line. 


gives  it  the  appearance  of  a  compact  sintery  quartz.  The  micro- 
scojuc  ('liaraclci-s  aie  very  iiKhilinile,  i\u(\  the  rock  I'csembles  in  soiue 
ways  a  (•()nij);i('l  siiilci',  in  otlicrs  a  siliceous  capping. 
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Another  specimen  collected  by  Mr.  Farquharson  in  the  neigh- 
bourhood of  the  Explosives  Keserve  proved  to  be  a  siliceous  gritty 
and  clayey  capping  of  secondary  origin,  due  to  surface  silicifi cation. 

Fig.  31. 


Photo.:  H.  W.  B.  Talbot.  Neg.  631. 


"Dung  Bitumen"  in  small  caves  in  granite  breakaways  about 
3%  miles  north  of  Meekatharra. 


so 


These  descriptions  are  applicable  to  most  of  the  whitish  "rocks" 
found  outcropping-  in  the  neig'hbourhood  of  Meekatharra,  which  are 
jDopularly  known  as  '^porphyries." 

In  the  country  supposedly  underlain  by  Kyarra  Schists  (p. 
69)  non-ferruginous  siliceous  bars  having  a  general  northerly  trend 
and  showing  traces  of  shearing  are  of  fairly  frequent  occurrence. 
No  microscopic  examination  of  these  bars  was  made,  but  they  are 
regarded  as  due  to  surface  silicification  of  portions  of  the  Kyarra 
Schists. 

West  of  the  railway  line  between  Meekatharra  and  Yaloginda 
a  similar  alteration  of  the  schists,  accompanied  however  by  abun- 
dant deposit  of  limonite  as  well  as  of  silica,  is  sometimes  seen 
(Fig.  30). 

South  of  the  Meekatharra  Grranite  there  is  a  considerable  de- 
velopment of  jasper  bars,  which  are  absent  from  the  northern  por- 
tion of  the  Area.  Discussion  of  these  features  will  be  found  in 
the  next  section,  but  since  their  character  at  the  surface  is  so  unlike 
that  underground  they  deserve  passing  mention. 

Attention  may  also  be  called  to  the  false  "alluviar" — really 
sheared  dolerite  which  is  deei)ly  weathered  in  situ — near  the  Mys- 
tery and  Maranui  leases  {see  later  pp.  194,  197). 


B. — ^Of  Transported  Material. 

Under  this  head  come  the  widespread  deposits  of  earth,  sand, 
gravel,  and  boulders  already  mentioned.  Their  thickness  is  jirobably 
inconsiderable  even  on  the  larger  plains. 

'The  larger  fragments  may  be  of  quartz  or  of  couniry  rock, 
and,  ])articularly  in  the  latter  case,  often  show  some  rounding — 
caused  ])artly  by  wind-erosion,  partly  by  insolation,  ]iartly  by 
chemical  action.  The  glazing  of  the  greenstone  pebbles  is  due,  not 
to  sand  blast,  wliicli  roughens,  as  shown  by  the  etching  of  derelict 
bottles,  but  to  dejiosit  of  a  film  of  iron-oxide  on  tlie  surface. 

Ill  cM\('S,  acciuniilnl ions  ol'  dimu"  bituuuMi  ni'c  not  uncoiumon. 
In  Fig.  .'il  tlie  black  material  to  the  left  of  the  liaminer  is  bitumen 
(mixed  with  sticks  and  fragments  of  kaolin)  whicli  lias  fallen  from 
the  \a,r^er  mass  in  sliadow.  'I'lie  slicks,  Mr.  Talbot  int'onns  tlie 
writer,  almost  always  occin-,  and  are  i)robably  di-agged  in  by  rock 
wallabies.  Deposits  ol'  litis  diai-aclcr  have  been  formed  by  tlic  diy- 
ing  up  of  wjiter  which  has  passed  through  beds  of  bat  and  marsupial 
guano  and  extracted  therefrom  organic  matter,  salts  of  potash,  etc.* 


•  Chapter  Vlll.,  p.  306. 
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YI._FAULTS,  SHEAR-PLANES,  ETC. 

A. — Faulting  and  Shearing. 
Generally  speaking,  faulting  and  shearing  have  taken  place  in 
two  directions: — 

1.  Slightly  east  of  north — the  niain  system. 

This  is  probably  the  most  important  single  geological  feature 
in  the  District,  since  it  has  imposed  a  schistose  structure  on  much 
of  the  country,  and  has  with  few  exceptions  determined  the  lines 
of  gold-bearing  deposits.  To  it  also  is  due  the  formation  of  Jasper 
Bars.  Any  rocks  which  have  not  yielded  in  some  measure  to  shear- 
ing are  barren. 

As  shown  in  the  preceding  part  of  this  chapter,  the  Meeka- 
tharra  Granite  and  the  Metamorphosed  Igneous  Rocks  have  been 
subjected  to  this  shearing,  but  the  Basaltic  Dolerite,  Volcanic  Series, 
Sedimentary  Rocks,  and  Superficial  Deposits  have  escaped  it. 

The  main  period  of  shearing  is  thus  older  than  Devonian  times, 
but  it  is  highly  probable  that  this  period  was  a  very  long  one,  be- 
ginning before  tjhe  injection  of  the  granite  and  continuing  at  least 
up  to  the  time  of  its  complete  solidification. 

2.  More  or  less  at  right  angles  to  1. — An  east-and-west  fissur- 
ing  appears  to  have  operated  over  the  southern  greenstone  "island,'' 
but  evidence  for  its  action  in  the  country  north  and  west  of  the 
Meekatharra  Granite  is  inconclusive.  The  amount  of  displacement 
effected  by  this  system  of  fissuring  never  exceeded  200  feet  and  was 
generally  very  much  less. 

A  few  cases  of  the  apparent  displacement  of  Jasper  Bars  by 
transverse  faults  have  been  mapped  by  Mr.  Talbot. 

A  fault  affecting  the  Meekatharra  Granite  has  also  been  mapped 
on  Plate  IV.  by  Mr.  A.  Gibb  Maitland  near  the  old  Rifle  Range 
(10358).  Here,  along  a  zone  about  two  chains  wide,  the  granite  is 
traversed  by  strongly  marked  east-and-west  shear-planes  which  are 
in  strong  contrast  to  its  normal  foliation-planes  well  seen  in  the 
neighbourhood.  Mr.  Maitland  has  traced  this  zone  westwards  for 
50  chains,  and  finds  also  that  the  edge  of  the  granite  is  about  two 
chains  further  east  immediately  north  of  this  fault  than  it  is  to  the 
south  of  it.  A  faulting  later  than  the  granite  intrusion  is  thus 
indicated. 

All  other  cross-faults,  such  as  those  of  the  Haveluck  and 
Fenian,  are  discussed  in  Chapter  VI.  They  appear  to  be  but  little 
later  than  the  longitudinal  shearing.  Some  carry  auriferous  veins, 
others  do  not — for  example,  the  South  Fault  of  the  Commodore  G.M. 
is  barren,  while  in  the  next  lease  (Tngliston)  is  a  system  of  auri- 
ferous veins  with  the  same  strike  (Chap.  VI.,  p.  139). 
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B. — Jasper  Bars. 

Jasper  bars  occur  in  the  neighbourhood  of  Yaloginda, 
but  Avith  this  exception,  they  lie  to  the  east  of  the  rail- 
way line,  occupying  a  belt  barely  three  miles  wide  and  extending  in 
a  S.S.W.  direction  from  Luke's  Trig,  to  the  southern  limit  of  the 
Area.    Two  types  may  be  distinguished : — 


].  MecLdllidna  li/pc.  'I'licso,  (wtcndiiig  IVom  Luke's  'I'rig. 
southwards,  agree  in  gtiiici'id  cliarMclci s  willi  lliosc  of  Saiidsloiie,'* 
Mt.  Magnetjt  and  otlior  parts  of  Ihe  Stale.      Their  iiilluence  on 


•  O.H  VV.A.,  Jiiill.  No.  p.  etc. 
t  O.S.W.A.,  JUill.  No.  :A),  p.  02,  etc. 
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topography  is  mentioned  in  Chapter  III.  Their  course,  mapped  by 
Mr.  Talbot  and  shown  on  Plate  IV.,  is  N.N.E.  and  S.S.W.,  except 
just  south  and  east  of  Meekatharra,  where,  with  the  exception  of 
one  bar  which  persists  on  the  old  course  beyond  Luke's  Trig.,  they 


swing  round  to  the  E.N.E.  and  quickly  terminate— probably  lensing 
out.  Xorth  of  their  ending  tlie  ground  is  level  for  half  a  mile,  as 
far  as  the  quartz  blows  of  the  Pion^^er  Group  (Figs.  32,  33). 
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The  Jasper  Bar  of  the  Queen  of  the  Hill  Mine  is  representa- 
tive of  the  type  under  discussion.  It  can  be  traced  almost  continu- 
ously from  the  mine  to  the  southern  limit  of  the  Area.  The  bluti 
shown  in  Fig\  7  is  caused  by  the  breaching  of  this  bar  by  a  small 
stream,  and  illustrates  the  surface-characters  of  these  features. 
At  nearly  every  outcrop  it  is  a  typical  banded,  contorted  jasper, 
the  bands  being  alternately  rich  in  iron  and  in  silica.  They  vary 
in  thickness  from  paper-like  sheets  to  bands  an  inch  wide.  The 
wider  bands  do  not  persist  indefinitely,  but  suddenly  give  place  to 
a  series  of  the  thinner  ones.  Occasionally,  however,  the  jasper 
outcrops  show  little  or  no  contortion.  Again,  almost  within  the 
limits  of  a  hand  specimen,  intensely  crumpled  bands  may  alternate 
with  others  quite  uneontorted,  which  themselves  become  intensely 
contorted  a  few  inches  further  on. 

The  iron  ore  is  mainly  limonite,  but,  judging  from  the  disturb- 
ance of  tlie  compass  needle,  magTietite  is  in  places  abundant. 

The  bar  is  in  places  crossed  by  small  quartz  veins  of  later  date 
(Fig.  H4 — in  which  the  black  lens  is  an  outcrop  of  contorted  jasper). 


Fig.  34. 


± 


I 'ndergroniid,  al)o\  e  water-level,  clay  bands,  iron-stainc'd  or 
bicaclied,  alternate  with  the  limonite-  and  silica-bands  and  nud<e  up 
half  the  bar.  These  soCler  bands  are  probably  ''hardened  uj)"  at 
llic  sni-facc  by  additional  (U'posit  ol'  limonite  and  silica.  Owing  to 
I'anlt-dist  nrbances  the  jasper  in  the  (^)n('en  ol'  tlie  TTill  "Mine  is  more 
silicificfl  ;ind  sliows  grcjitcr  contortion  llinn  is  nsnal. 

Hclow  wjilcr-lcxcl  the  jasper  hai-  in  the  (^)neen  of  the  Mill 
(wliich,  heing  a  locality  ol"  special  mineralisation,  is  perhajts  hardly 
)y|)ical  ol'  liie  onlinaiT  bars  at  (hplh)  relains  ils  I).in<h'<l  siliceous 
character- the  soft  layci's  of  the  weathered  /one  being  here  re|)r(>- 
sented  by  layers  rich  in  sulphides  (chiefly  pyrite). 
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Occasionally  tlie  Meekatharra  jasper  bars  are  brecciated  at 
their  outcrop,  but  this  feature  may  be  due  merely  to  surface  re- 
cementing  of  broken  material. 

2.  Yaloginda  Type. — At  the  surface  the  jasper  bars  of  the 
Yaloginda  Belt  show  no  contortion  and  appear  to  contain  very  little 
silica.  Wherever  cut  in  workings  they  are  found  at  a  depth  of 
50ft.  to  be  represented  by  greatly  weathered  sheared  rocks  showing 
no  contortion.  These  only  differ  in  their  greater  decomposition 
(with  alternate  leaching  and  concentration  of  iron-oxide)  and 
shearing,  from  the  surrounding  sheared  dolerites,  etc. 

3.  Origin. — It  is  usually  supposed  that  the  jasper  bars  of 
the  State  have  been  formed  along  lines  of  excessive  shearing. 

When,  however,  the  distribution  of  the  Meekatharra  jasper  bars 
is  examined  it  seems  impossible  to  account  on  a  theory  of  mere; 
shearing  for  their  absence  from  the  northern  greenstone  ''island'' 
and  for  their  sudden  termination,  with  an  east  twist,  south  and  east 
of  Meekatharra.  The  latter  feature  might  be  explained  as  due  to 
dislocation  of  the  bars  by  a  fault,  or  series  of  faults,  of  the  east-and- 
west  type  common  in  the  Area,  were  it  not  that  the  Luke's  Trig,  bar 
pursues  the  normal  course,  and  that  the  northern  dislocated  portions 
of  the  others  have  not  been  found. 

In  the  writer's  opinion,  tlie  jasper  bars  of  Meekatharra  type 
were  formed  along  zones  of  intense  shearing  where  these  zones  trav- 
ersed the  fine-grained  ehloritic  slates.  Only  in  such  rocks  apparently 
could  the  pecidiar  structures  characterising  bars  of  this  type  be  pro- 
duced. This  explanation  of  the  distribution  of  the  Meekatharrai 
jasper  bars  is  based  solely  on  field  work,  no  microscopic  examination 
of  jasper  material  having  yet  been  undertaken.  {See  also  Chap. 
VIII.,  pp.  292,  293.) 

As  shown  above,  the  Yaloginda  jasper  bars  are  due  to  surface 
concentration  of  limonite  along  zones  of  excei:>tionally  severe 
shearing. 

VII.-  SUMMARY  OF  GEOLOGICAL  EVENTS. 

From  the  material  contained  in  this  chapter  the  following 
summary  of  geological  events  may  be  made:  — 

The  oldest  rocks — already  in  position  in  archaean  times — are 
a  complex  of  doleritic  and  ]  eridotitic  character,  regarding  Avhose 
origin  no  opinion  can  be  given. 

The  earliest  event  recorded  is  the  beginning  of  a  long  period 
of  earth-movement  which  first  manifested  itself  in  the  production 
of  north-east  and  south-west  shear-planes  in  the  bulk  of  the  com- 
plex. Patches  of  dolerite  and  of  peridotite,  however,  escaped  the 
effects  of  this  and  the  later  movements.    Accompanying  the  earlier 
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stages  of  shearing  was  the  intrusion  of  the  Meekatharra  Granite  * 
and  the  various  acid  dykes.  In  the  former,  foliation  planes  were 
produced  by  the  continued  shearing  movements;  the  latter  escaped 
owing  to  their  position  as  narrow,  compact  bands,  lying  parallel  to 
the  shearing  forces  and  enclosed  by  rocks  which  readily  yielded  to 
further  movements.  Continuance  of  the  same  tectonic  disturbances 
resulted  in  the  formation  of  Jasper  Bars  and  was  accompanied  by 
the  introduction  of  auriferous  solutions — the  last  emanations  from 
the  Meekatharra  granite  magma. 

In  early  palseozoic  times,  after  a  long  period  of  denudation, 
the  country  was  submerged  and,  at  considerable  intervals,  two 
series  of  sediments  were  deposited.  The  occurrence  of  volcanic 
outbursts  during  the  deposition  of  the  younger  beds — possibly  in 
Devonian  times — is  indicated  by  the  tufaceous  character  of  some 
sedimentary  beds  at  Mt.  Yagahong.  Probably  the  tuffs  and  flows 
near  Meekatharra  are  of  the  same  age. 

After  elevation  and  another  long  period  of  denudation  the 
geological  events  of  importance  closed,  possibly  as  late  as  in  Ter- 
tiary times,  with  slight  renewal  of  earth-movement  along  the  old 
lines  of  the  main  shear-planes,  accompanied  by  the  intrusion  of 
the  Ingliston  Extended  dolerite  and  possibly  also  of  the  Barloweerie 
norite. 


*  Evidence  is  insufficient,  for  us  to  determine  whether  the  granite  of  Southern  Cross 
type,  near  Yaloginda,  is  or  is  not  merely  a  phase  of  the  Meekatharra  granite. 
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I.— INTRODUCTORY. 

This  chapter  gives  a  generalised  account  of  the  veins  and  lodes 
of  the  Area.  Details  of  individual  occurrences  will  be  found  in 
Chapters  A'^I.  and  VIII.  to  which  reference  must  be  made  for  con- 
firmation of  the  general  statements  made  here. 

The  term  "vein"  or  "reef"  will  be  used  of  any  single  body  of 
quartz,  large  or  small,  whether  auriferous  or  not.  Small  irregular 
veins  are  sometimes  called  "stringers." 

A  "lode"  or  "lode  formation"  is  a  group  of  closely  associated 
veins  together  with  the  zone  of  rock  (whether  or  not  marked  out  from 
the  "country"  on  each  side  by  petrological  or  structural  differences) 
to  which  the  veins  are  confined.  The  lodes  discussed  in  this  chapter 
contain  appreciable,  but  not  always  payable,  quantities  of  gold. 

Any  of  the  sheared  rocks  described  in  the  preceding  chapter 
may  carry  veins  or  lodes.  The  more  strongly  the  rocks  are  sheared 
the  more  likely  they  are,  as  a  rule,  to  contain  large  and  payable 
ore-bodies. 

II.— ORE-BEARING  FISSURES. 
In  the  account  of  faulting  in  the  last  chapter,  it  was  stated 
that  two  systems  of  fissures  are  recognised  in  the  Area — one  striking 
N.N.E.  which  detenmines  not  only  the  shear-planes  of  the  schists 
but  also  the  course  of  the  most  important  lodes  and  veins,  and  a 
later  east  and  west  system,  in  places  also  carrying  auriferous  veins, 
which  crosses  and  may  displace  the  main  fissure-system  and  its 
accompanying  veins. 
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Except  in  the  Ingliston  Extended  G.M.,  where  the  compound 
character  of  the  West  Lode  and  the  possible  strike-faults  of  the 
East  Lode  indicate  renewed  movement  along  the  lode  channels,  there 
is  no  evidence  of  the  re-opening  of  either  system  of  fissuring. 

The  transverse  system  is  probably  but  slightly  later  than  the 
longitudinal  and  both  followed  shortly  after  the  intrusion  of  the 
porphyry  and  Meekatharra  granite. 


IIL— ORIGIN  OF  LODES  AND  VEINS. 

Such  occurrences  as  the  '^lorses"  of  jasper  bar  material  in  the 
Queen  of  the  Hill  lode,  and  of  schists  in  some  of  the  Yaloginda  veins 
(Fig.  71,  No.  4),  indicate  that  in  many  cases  siliceous,  and  sometimes 
auriferous,  solutions  ascended  along  mere  cracks  formed  by  shear- 
ing, and  that  the  quartz  and  accompanying  minerals  metasomatically 
replaced  the  country. 

In  the  case  of  the  quartz  "blows,"  and  such  veins  as  the  Kyarra 
ore-bodies  and  Savage's  (G.M.L.  No.  93)  main  vein,  the  only  ex- 
planation for  the  great  irregularity  in  size  and  shape  appears  to  be 
L.  C.  Graton's* — that  the  siliceous  solutions  behaved  like  ordinary 
intrusions,  making  room  for  themselves  by  forcing  apart  the  country 
in  weak  places.  In  support  it  may  be  noted  that  these  irregular 
shaped  quartz  veins  not  infrequently  contain  small  kaolinic  patches 
—presumably  decomposed  felspars— and  thus  suggest  relationship 
to  more  normal  acid  intrusives ;  possibly  also  the  abundance  of  fluid 
inclusions  noted  in  the  few  quartz  specimens  from  such  veins  micros- 
copically examined,  favours  the  view  that  the  veins  solidified  under 
great  pressure. 

It  is  probable  that  the  siliceous  solutions,  whether  or  not  intru- 
sive, originated  from  llie  same  magma  as  the  Meekatharra  gTanite 
and  the  porphyries,  and  were  the  last  manifestation  of  the  plutonic 
energy  which  caused  those  intrusions.  This  suggestion  is  supported 
by  the  obviously  close  relationship  between  several  of  the  ore  deposits 
and  acid  dykes. 

IV.— METAMORPHISM  BY  LODES  AND  VEINS. 

As  noted  in  the  last  chapter,  it  is  imjiossible  to  distinguish  the 
alteration  effected  in  tiic  country  l)y  acid  dykes  from  that  by  the 
veins  closely  associated  with  these  dykes.  This  metamorphism  is 
also  obscured  in  the  great  majority  of  cases  by  weathering.  The 
following  are  tlie  most  usual  typos  of  alteration:— 

BUaclmia,  seri<  ili^ution  aUrnl:al Uyn.--VM'M'\mv^  and  sori- 
cilization  in  11.0  weathered  zouo  nre  very  not icable  in  the  sheared 
"groonslonos"  near  the  net-work  of  veins  fonuiug  tlie  Gibraltar  Lode, 
and  near  tlie  veins  of  Hie  Kyarra  G.M.   

"  U.S.a-S.  Hull. -tin  No.  u!t:t,  pp.  :)!•-<>(). 
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In  the  weathered  zone,  the  country  adjoining  tlie  Pioneer,  Pad- 
dy's Flat,  Beverley,  Haveluek,  Ralph's  Patch  and  Jasper  Star  por- 
phyries is  nearly  always  bleached  for  a  distance  varying  from  ten 
to  a  hundred  feet.  This  feature  is  so  common  as  to  be  a  sure  indi- 
cation of  the  nearness  of  the  porphyry.  Below  water  level  the 
bleaching  is  not  seen,  but  the  microscope  shows  that  near  the  por- 
phyry albitization  has  taken  place.  Bleaching  results  from  the  re- 
moval of  iron  compounds  in  the  zone  of  weathering.  Albitization 
has  also  taken  place  in  the  neighbourhood  of  the  Romsey  Dyke. 

Formation  of  Carbonates. — This  appears  to  be  a  very  frequent 
contact  effect  of  the  Paddy's  Flat  Dyke.  The  commonest  carbonates 
are  calcite,  siderite  and  mesitite. 

Pyritisation. — The  country  for  ten  or  twenty  feet  from  the  lode 
(and  porphyry)  in  Paddy's  Flat  contains  occasional  crystals  of 
pyrite. 

v.— MINERALS  OF  LODES  AND  VEINS.* 
The  ore  bodies  of  the  Meekatharra  Area  contain  but  a  small 
number  of  minerals.  The  quartz  'veins  are  usually  destitute  of  min- 
erals. Except  tourmaline  needles  (in  quartz  from  a  shaft  at  the 
north  end  of  the  Sabbath  Group,  from  another  one  and  a-half  miles 
S.E.  of  the  Sabbath,  from  Jackson's  Group,  from  the  Gwalia  Ex- 
tended Group  and  in  quartz  pebbles  near  Rhein's  P.A.),  a  few  covel- 
lite  crystals  (vein  near  the  "Two  Sisters"  quartz  blow,  near  Yalo- 
ginda),  and  a  single  occurrence  of  azurite  in  Kyarra  quartz,  the 
only  minerals  (except  gold)  recognised  were  the  very  frequent  kaolin 
and  sericite,  and  the  still  commoner  limonite-staining. 

In  the  lodes  and  veins  of  the  Paddy's  Flat  Belt  pyrite,  arseno- 
pyrite  and  gold  were  the  only  metallic  minerals  recognised  in  hand 
specimens. 

VI.— CHARACTERISTICS  OF  PAYABLE  DEPOSITS. 

A. — Field-occurrence. 

Payable  ore-deposits  have  sometimes  been  found  in  the  Area 
outcropping,  but  usually  they  have  been  concealed  by  superficial 
deposits  and  their  discovery  has  been  due  to  the  obtaining  of 
alluvial  gold,  as  in  the  Ingliston  Consols  Extended  and  Queen  of 
the  Hill  mines. 

B. — DlSTRTBUTTON  OF  OrE  IN  THE  LODES  AND  VeINS. 

L  Shoots. — When  stoping  has  been  sufficiently  extensive  tlie 
payable  ore  of  a  vein  or  lode  can  sometimes  be  shown  to  be  in 
"shoots"  which  "pitch"  in  a  northerly  direction.    In  the  writer's 

•  An  account  of  the  minerals  of  the  Meekatharra  District  is  given  in  chapter 
VIIT.  by  Mr.  E.  S.  Simpson. 
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opinion  this  is  by  no  means  such  a  universal  rule  for  the  Area  as  is 
generally  believed.  Examination  of  the  stope  plans  (Plates  XIV". 
and  XXIV.)  indicates  that  beyond  the  fact  that  certain  more  or  less 
vertical  bands  in  the  veins  are  more  richly  ore-bearing  than  others, 
the  only  cases,  except  that  of  the  East  Lode  of  the  Ingliston  Ex- 
tended G.M.,  in  which  the  ore  is  in  north-pitching  shoots,  are  ex- 
plained by  the  influence  of  transverse,  north-dipping  veins. 

2.  Surface  Enrichment. — Enrichment  in  the  zone  of  oxidation 
(of  which  the  Kyarra  and  Black  Jack  veins  are  good  examples)  has 
few  exceptions  as  regards  the  auriferous  veins.  It  must  be  remem- 
bered, however,  that  no  quartz  vein  in  the  Area  has  been  followed 
deeper  than  300  feet,  and  that  there  is  a  possibility  of  reappearance 
of  values  at  gTeater  dejoths,  such  as  took  place  in  the  Great  Fingall 
Mine.* 

In  the  case  of  the  ore-deposits  of  Paddy's  Flat  Belt,  the  first 
workers,  except  perhaps  in  the  Queen  of  the  Hill  lode,  took  only 
the  richer  quartz  veins,  whereas  of  late  the  ore  has  been  bulked.  It 
cannot,  therefore,  be  proved  that  there  was  very  striking  enrichment 
in  the  zone  of  weathering  whence  the  earlier  gold  returns  were  ob- 
tained. 

3.  Influence  of  Country  on  Prodtictiveness. — ^The  ore-bodies 
of  the  Paddy's  Flat  Belt  are  most  productive  where  they  lie  in  the 
"flecked  schists"  (sheared  dolerites),  are  less  productive  when  in 
the  "black  schists"  (sheared  peridotitic  rocks),  and  are  patchy  in 
the  fuchsite  rock. 

The  veins  of  the  Pioneer  Group  give  their  best  yield  in  the 
sheared  greenstones  (both  peridotitic  and  doleritic)  close  to  the  por- 
phyry dyke,  cease  to  carry  values  when  followed  further  into  the 
schists  and  are  of  low  tenor  in  the  porphyry. 

The  opposite  is  the  case  in  the  veins  of  the  Beverley  and 
Halcyon  Lodes.  i 

The  Queen  of  the  Hill  Lodes  are  deposited  along  planes  which 
fault  the  tip  of  a  jasj^er  bar,  and  carry  payable  ore  where  bordered 
on  one  or  both  sides  by  jasi^er,  but  cease  to  be  payable  wliere  they 
enter  the  schists. 

4.  Influence  of  Type  of  Fissure  on  Productiveness. — Both  sys- 
tems previously  described  may  contain  auriferous  veins,  but  groups 
(not  single  fissures)  })elonging  to  the  main  system  (N.N.E.  and 
S.S.W.)  may  persist  for  long  distances  and  carry  i)ay-ore  at  inter- 
vals; while  the  transverse  veins,  though  sometimes  rich,  are  short. 
The  influence  of  (he  laller  on  slioots  of  ore  in  the  mam  fissures  which 

•  "  1 1n;  oriffiiml  or  fJinfnce  pi'f<  li  of  em  i'  1  iiiont  upon  wliicli  lliip  mine  wof  !i|nr1ecl 
proved  to  l»<!  of  vary  limi  oil  oxtont,  i'H  <'ntcro|>  IxMiiir        loot  in  lon^tli.  wliiKt  it 
on'y  extended  for  a  (loot h  of  200  f  ot  nji  n  tlic  lode  i)liine    jfr.idn  iUy  diminii-hiiiK 
lonifth  to  iihout  10.)  feet  at  the  bottom."     Wo..dward,  G.S.W.A.  Hullotin  No.  2f>, 
Part  II.,  p.  18. 
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they  intersect  has  been  mentioned  and  is  well  seen  in  the  Marmoiit 
and  Fenian  G.Ms.,  where  the  transverse  fissures  have  in  some  cases 
diverted  the  gold-bearing  solutions  from  the  main  channel. 

VIIL— CLASSIFICATIOX  AND  COMPARISON. 

A.  — Veins. 

1.  Tabular  or  lenticular  veins — generally  steeply  inclined  or 
vertical  and  constant  in  strike — like  those  of  the  Yaloginda  Belt 
and  Sabbath  Group. 

2.  Veins  in  Granite — Barren. 

3.  Probable  ultra-acid  phases  of  porphyry  dykes — e.g.,  veins 
of  Jackson's  and  Pioneer  Groups,  and  possibly  the  Kyarra  ore 
bodies. 

B.  — Lodes. 

1.  Due  to  solutions  emanating  from  the  same  source  as  the 
acid  intrusives. 

(a)  Deposited  entirely  (or  almost  entirely)  outside  the  acid  in- 

trusives, e.g.,  Paddy's  Flat  Lode. 

(b)  Lode  matter  confined  to  dyke. 

(i.)   Gold    confined   to    quartz    stringers,    e.g..    Halcyon  and 
Rorasey  Lodes. 

(ii.)  Gold  both  in  stringers  and  in  felspathic  part  of  the  dyke, 
e.g.,  Haveluck  Lodes. 

2.  Siliceous  impregnations  of  zones  of  sheared  country — so 
far  as  known  unconnected  with  acid  intrusions,  e.g.,  Karangahaki 
and  Gibraltar  Lodes. 

J.  B.  Tyrrell,  at  a  meeting  of  the  Royal  Society  of  Canada  in 
May,  1915,  read  a  paper*  on  the  "Pre-Cambrian  Goldfields  of  Cen- 
tral Canada,"  presenting,  amongst  others,  the  following  conclu- 
sions : — 

The  veins  are  Pre-Huronian  in  age. 

They  frequently  occur  both  in  basic  and  acidic  rocks. 

They  'are  constantly  associated  with  albite  porphyries  which  are 
apophyses  from  batholitic  granitic  intrusions. 

They  do  not  occur  in  the  body  of  the  granite  or  gneiss. 

In  the  Algoman  (Pre-Huronian)  Period,  in  which  most,  if  not 
all  the  gold-bearing  veins  of  the  Pre-Cambrian  Rocks  of  Central 
Canada  appear  to  have  been  formed,  there  was  a  Chrysogenetic  Epoch 
during  which  gold  rose  from  the  deeper  parts  of  the  Earth  and  was 
deposited  in  p\,c't  fissures  as  onourred  at  the  time. 

The  geological  age  of  the  metamorphic  rocks  of  Western  Austra- 
lia Is  unknown  but  it  is  interesting  to  note  that,  with  this  exception, 
the  conclusions  quoted  above  are  applicable  to  the  ore  deposits  of 
Meekatharra. 

*  Of  which  the  writer  has  seen  only  the  summary  in  •'  Ecoiiomic  Geology," 
Vol.  X.,p.  475. 
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T.— INTRODUCTORY. 

The  order  followed  in  this  account  of  the  mines  of  the  Area  i.s 
mainly  geographical.  When  possible,  however,  without  seriously 
interfering-  with  this  arrangement,  ore-deposits  similar  in  their 
geological  features  are  grouped  together. 

The  geological  descriptions  are,  it  is  hoped,  fairly  complete,  but 
extensive  reference  is  necessary  to  Chapters  IV.,  V.,  VII.,  and  VIII. 

The  account  of  the  history,  gold-output,  and  state  of  develop- 
ment of  the  workings  given  in  this  chapter  pretends  to  be  comj^lete 
only  to  the  end  of  1914. 
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II.— KYARRA  GROUP  AND  NEIGHBOURHOOD. 

Under  this  head  will  be  discussed  nearly  all  the  workings  on 
the  northern  greenstone  '%land." 

A.— Kyarra  Group   (PI.  VL). 

1.  Uistorij,  etc. — This  group  is  situated  close  to  Garden  Gully 
Creek  and  occupies  a  strip  one  mile  long  and  half  a  mile  wide. 
There  is  no  record  of  the  name  of  the  first  prospector.  Probably 
Goczel,*  in  describing  "Isak  and  Allower's"  P. A.  as  one  and  a  half 
miles  east  of  tlie  Old  Battery  Group  (in  which  direction  there  are 
no  signs  of  prospecting),  referred  to  the  first  workings  on  the  site  of 
the  Crown  Mine,  which  is  one  and  a  half  miles  north  of  the  Old 
Battery. 

The  Crown  (G.M.L.  27]sr)  was  taken  up  by  Oliver  and  party  in 
January,  1S95,  and  worked  fairly  continuously  for  10  years.  Dur- 
ing this  time,  and  though  men  frequently  passed  through  to  Abbott's 
and  Peak  Hill,  the  patch  of  "alluvial"  and  the  underlying  Kyarra 
ore-bodies  lay  untouched  till  about  190S,  when  they  were  discovered 
by  Wilson,  Cameron,  and  Edwards.  The  two  latter  acquired  prac- 
tically sole  ownership  of  the  Kyarra  Lease  (928n)  (applied  for  in 
August,  1909).  The  Southern,  or  Main,  Ore-body  was  first  found. 
The  discovery  of  the  Northern  Body  in  November.  1910,  caused  con- 
siderable excitement  owing  to  the  high  values  at  first  obtained. 
Four  miles  of  country  are  said  to  have  been  pegged  and  many  op- 
tions taken  up,  including  one  of  14  days'  duration  over  the  Kyan-a 
lease,  £.30,000  being  mentioned  as  the  ]irobable  price.  The  boom 
was  short-lived,  but  Cameron  and  Edwards  continued  to  work  their 
lease  very  successfully,  until,  in  1912,  it  Avas  acquired  bv  the 
"Kyarra  G.M.  Co." 

A  number  of  other  leases  (four  amalgamaied  witli  the  Kyarra) 
were  held  in  the  neiglibourliood,  and  a  small  amount  of  ai)])arenlly 
fruitless  work  done  on  the  various  quartz  veins. 

The  Kyarra  G.M.  was  at  ilie  end  of  1914  e(|uii)|)od  with  wind- 
ing-engine and  Iavo  Cornisli  l)()ilei-s.  A  Cornisli  juimp  cai)able  of 
dealing  with  4,000  gallons  ])er  houi',  10-head  mill,  and  cvanide  ]dant 
are  driven  by  two  Diidbridge  gas  engines  aggregating  l.Si")  h.]).  Gas 
is  sn|)pliod  by  two  CointnoiiW(^allh  wood-])rodncoi's  toi ailing  235  li.]). 

Aflcr  amalgamal  ion  llio  pulp  flows  lo  lli(>  slinics  dam,  wIumico 
it  is  ultimately  trucked  (o  the  cyanide  planl.  wliicli  eoiisisls  of  a 
filter  vat  of  1<S  leaves,  fixe  jigilaloi-s  ((wo  o\ei"li(»ad,  (wo  suid<,  and 
one  stock  vat),  three  i>um|)s,  and  zinc  boxes. 

•  Rep.  I>»^i>.  Mines,  1H94,  A |)j)oii<lix,  i>.  H. 
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Table  shoiving  the  Yield  of  the  Crown  Vein. 


1  QpQ 

Year.             Name  and  Number  of  Lease.  crushed 

i  i 

Gold 
therefrom. 

Previous  to  1897 
1897 

1898      . . 
1899 

1900      . . 
1901 

Crown,  27n   

do.   

do.   

do.   

do.   

Crown,  27n  (by  cyanidation)  . . 

Total 

tons. 

106-00 
75-00 
15- 00 
10- 00 
54-00 

oz. 
169-61 
127-28 

13-33 
8-48 

65-73 
140-68 

260  00 

525  11 

Table  shoiving  the  Yield  of  the  Kijarra  Ore-Bodies. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

Silver 
therefrom. 

1909 

1910  .. 
1911 

1912 

1913  .. 

1914  . . 

Kvarra,  928n 
''do. 
do. 

Kanowna,  1036x 
Kyarra  G.Ms.,  N.L.,  amal- 
gamated   leases  928n, 
1038N,  1037N,  1077N 
do.  do. 
do.  do. 

tons. 

21-00 
408-00 
332-00 

304-00 

10,644-00 
11,875-00 

oz. 

54-74 
893-95 
197-19 
*  6-49 
335-71 

6,821-08 
9,582-61 

oz. 

193-80 
704-80 

Total 

23,584- 00 

17,891-77 

898  60 

*  Dollied  and  specimeus. 


2.  Geology. —  (a)  Country,  (i)  Kyarra  Schists.  With  few 
exceptions  the  country  is  a  strongly  sheared  rock,  usually  very  de- 
composed, especially  near  the  veins,  where  an  abundant  develop- 
ment of  sericite  is  characteristic.  Down  to  200  feet  it  is  usual, 
but  not  invariable,  to  find  hanging-wall  country  red,  footwall  yellow 
or  white.  In  the  Crown,  the  average  strike  is  N.E.,  dip  S.W.  at 
60°  or  70°.  For  the  Kyarra,  since  the  schists  conform  generally  to 
the  twists  of  the  ore-bodies,  there  is  no  general  direction  of  strike 
and  dip.  Where  the  ore-body  takes  a  very  sharp  turn,  the  shear- 
planes  of  the  footwall  country  seem  to  bisect  the  angle  made  by  the 
two  limbs  of  tlie  ore-l)ody.  The  variation  in  the  character  of  the 
schists  noted  by  the  petrologist  is  observable  also  in  hand  specimens, 
and  it  was  found  that  these  changes  were  so  frequent  that  no  at- 
tempt could  be  made  to  map  them.  The  country  of  the  Northern 
Ore-body  is  somewhat  less  sheared  than  that  of  the  Main.  Further 
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details  regarding  these  Kyarra  schists  are  given  elsewhere  (pp.  69, 
252).  The  balance  of  evidence  favours  our  regarding  them  as 
exceedingly  sheared  igneous  rocks  of  doleritic  origin. 

(ii.)  Actinolitic,  zoisitic  rock.  —  This  has  been  found  out- 
cropping in  several  places,  where,  however,  its  relation  to  the 
Kyarra  schists  cannot  be  seen.  It  is  occasionally  coarsely  sheared, 
but  rarely,  if  ever,  carries  quartz  veins.  Underground  it  has  been 
encountered  only  in  one  part  of  the  100ft.  level  of  the  Kyarra 
G.M.,  where,  on  one  side,  it  seems  to  pass  gradually  into  the  Kyarra 
schists,  while  on  the  other  it  is  rather  clearly  marked  off  from  them. 

The  actinolitic  rock  is  presumably  an  unsheared,  less  altered 
portion  of  the  rock  from  which,  by  great  shearing,  the  Kyarra 
schists  have  been  produced. 

(b)  Ore-Bodies.— veins  of  the  Kyarra  Group  are  remark- 
able for  their  variability  in  size  and  direction. 

(i.)  In  the  Crown  Mine  the  main  vein  strikes  parallel  to  the 
schists,  but  in  the  stoped  parts  dips  north-east  at  70°.  Its 
soulli  part  IS  2ft.  thick  and  dips  south-west.  At  the  north  end,  it 
has  split,  the  western  (footwall)  portion  is  a  foot  wide,  and  of 
bluish,  compact  quartz.  The  eastern  (unworked)  part  is  4ft.  wide, 
the  central  2V2ft.  being  "sandy/'  the  rest  compact  blue  quartz 
carrying  specks  of  hematite. 
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The  sections  in  Fig.  35,  together  with  the  vagaries  of  strike 
and  dip  noted,  show  clearly  that  the  quartz  veins  are  later  than 
the  shearing  period,  but  that  there  was  subsequent  movement  re- 
sulting in  joints  which  affected  both  veins  and  country. 

Fig.  36. 


ISOMETRIC  PROJECTION 

OF  THE  MAIN  AND  NORTHERN  ORE  BODIES 

KYARRA  G.M. 

MEEf.ATHARRA  DISTRICT 
&.de  C  Clarke         Field  GcotegoH 


(ii.)  In  the  Kyarra  Mine  three  veins  have  been  worked. 

The  Main  Ore-Body  strikes  on  the  average  a  little  south  of  east 
and  dips  south  at  gTeatly  varying  angles,  the  average  being  about 
(4) 
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70°.  It  has  been  followed  along  the  strike  for  more  than  200  feet 
(in  the  30ft.,  100ft.,  and  200ft.  levels).  It  has  also  been  found  at 
the  300ft.  level  and  is  said  to  yield  assays  ranging  from  a  trace  to 
1,000s.  per  ton. 

The  plan  and  sections  (Plate  VI.)  and  projection  *  (Fig.  36) 
show  the  irregular  course  of  this  vein  both  vertically  and  hori- 
zontally. It  is  said  to  have  an  average  width  of  nearly  9  feet,  but 
is  praciically  discontinuous  in  at  least  three  places.  The  erratic  char- 
acter of  the  vein  seems  to  be  due  to  irregularity  in  the  tissure  into 
which  it  was  injected,  and  not  to  subsequent  faulting.  The  vein  is, 
however,  crossed  by  joint-planes  filled  with  gouge,  which  are  more 
numerous  at  sharp  bends  than  elsewhere. 

Between  the  30ft.  and  100ft.  levels  a  large  part,  but  never  the 
whole,  of  the  vein  is  of  ^'sandy"  quartz  (i.e.,  of  a  quartz  whicii 
readily  crumbles  to  sand).  Unfortunately,  owing  to  loss  of  speci- 
mens, no  investigation  of  the  origin  of  this  sandy  character  has 
been  made.  In  the  30ft.  level  the  quartz  is  very  dark  brown  from 
the  abundance  of  iron  oxide  leached  from  the  bleached  country  and 
recementing  the  sandy  quartz.  In  the  lower  levels,  the  quartz  is 
white  and  compact.  Pyrite,  sometimes  in  well-shaped  crystals,  is 
frequent,  and  one  occurrence  of  azurite  with  chalcopyrite  is  re- 
ported from  the  vein.  In  places  the  quartz  is  finely  laminated  with 
sericite.  It  also  frequently  shows  "eyes"  of  kaolinic  character,  and 
this  fact,  together  with  the  presence  of  well  developed  rods  of 
yellow  tourmaline  noted  in  the  microscopic  examination  of  the 
schists,  favours  the  idea  that  the  Kyarra  veins  are  ultra-acid  dykes 
{see  also  Chap.  V.,  p.  88).  No  further  evidence  for  or  against 
this  view  could  be  obtained. 

There  is  no  indication  of  the  existence  of  shoots  of  higher- 
grade  quartz  in  the  vein  nor  of  the  limitation  of  values  to  the  foot- 
or  hanging-wall  portions  of  the  vein.  It  is  clear  that  down  to  100 
feet  there  was  very  extensive  secondary  enrichment. 

The  Northern  Ore-Body  strikes  W.N.W.  and  dips  S.W.  at 
about  70°.  It  has  been  followed  for  about  130  feet  in  the  30ft. 
level — from  wliich  part  the  richest  ore  in  the  mine  was  got — and 
lias  been  found  but  not  explored  at  the  100ft.  and  200ft.  levels.  It 
terminates  abrui)tly  at  its  south-eastern  and  tapers  out  at  its  north- 
wcslern  end  in  tlie  30ft.  level.  It  resembles  the  Main  Body  in 
cliaractei-  of  (|uartz  and  range  of  values  and  varies  in  width  from 
1  It.  fiin.  to  r)ft. 

'I'lic  Wrsfer^i  Ore-Jiodij  lias  been  located  in  ])rosp(rling  sliafts 
oxer  Ji  (lislance  of  2r)0  feet  and  ])ossibly  at  the  end  of  the  west 
cross-ciil  at  tlic  lOOfl.  level,  but  has  yielded  little  or  no  ])ayable 

•  Thf;  writer  is  indohtftfl  in  Mr.  V.  R.  I'trldtranun,  Field  Geoloprist,  for  much 
hi'.]]>  in  l>r«pttriI)^f  this  fijfure. 
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quartz.  It  strikes  E.N.E.  and  dips  west  at  about  55°.  Its  quartz 
is  similar  to  that  of  the  other  veins,  but  is  not  so  heavily  iron- 
stained.    The  vein  nowhere  exceeds  two  feet  in  width. 

The  potholes  north-east  of  the  main  shaft  have  yielded  values 
up  to  22s.,  but  no  defined  ore  body  has  been  located  in  them. 

B. — ^EcLipsE  G.M.L.  AND  Neighbourhood  (PI.  V.) 

The  Eclipse  (G.M.L.  1108n)  was  held  for  a  little  more  than  a 
year  in  1911-12.  The  only  recorded  yield  is  3.93oz.  of  fine  g'old 
from  16.25  tons  of  ore  in  1912. 

The  country  [2^^!]  *  Kyarra  schist  similar  to  that  de- 
scribed above. 

Two  veins  striking  N.AV.,  dipping  S.E.  at  35°  to  60°,  and  vary- 
ing from  mere  films  to  4  feet  in  thickness,  have  been  worked  slightly. 
The  quartz  as  a  rule  is  bluish  in  colour  and  much  jointed.  In  the 
water-shaft  it  is  very  similar  to  quartz  of  the  Main  Ore-Body  from 
the  30ft.  level  of  the  Kyarra  G.M. 

Xearly  a  mile  X.E.  of  the  Kyarra  ^fine  there  are  three  pot- 
holes and  some  costeens  on  two  veins  of  iron-stained  quartz  3ft. 
and  1ft.  thick,  striking  north  of  east,  and  dipping  in  opposite  direc- 
tions.   The  country  is  Kyarra  schist. 

C— Old  Battery  Group  (PL  VTI.). 

(1)  Tlistori/,  etc. — This  Group  consists  of  two  long-abandoned 
leases,  "Garden  Gully"  (427  Murchison)  and  "Garden  Gullv  North'' 
(415  Murchison),  near  the  32  mile-post  on  the  Garden  Gullv  Road. 
Applied  for  in  May,  1S94,  these  are  the  two  oldest  leases  in  tlie 
Area.  No  work  of  note  was  done  on  415,  which  was  originallv  held 
l)v  W.  Puddifoot,  W.  J.  Kelly,  and  others.  W.  Puddifoot  and 
R.  Oliver  were  the  original  holders  of  427,  which  in  August,  1.S94, 
assed  into  the  hands  of  the  "Garden  Gully  G.M.  Co.,  No  Liability," 
of  80,000  shares,  and  by  the  end  of  the  year  the  mine  was  equinred 
(according  to  an  advertisement  of  May,  1S95)  with  "a  14  h.p.  Cor- 
nish boiler,  S  h.p.  vertical  boiler,  10  h.p.  horizontal  engine,  10-head 
battery  of  75011).  stamps,"  and  accessories.  Though  little,  if  any, 
quartz  was  crushed  from  the  Group  itself,  this  plant  treated  nearlv 
all  the  ore  obtained  in  the  Area  until  1901.  The  Garden  Gully  G."^<^. 
Co.  seems  to  have  collapsed  soon,  for  the  lease  was  forfeited  in 
Julv,  1896,  and  little  or  no  mining  has  been  done  there  since. 

S.  Goezel  reported  f  in  August,  1894,  "about  700  tons  of  a'U'if- 
erous  stone  at  grass."  The  writer  has  found  no  record  of  this  or 
any  other  ore  won  on  the  Group  having  been  crushed. 


•  Numbers  are  those  of  specimens  described  in  Chapter  VII. 
t  Rep.  Dep.  Mines,  1894,  Appendix,  p.  41. 
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The  tailings,  accumiilatecl  from  public  erusliings  and  amount- 
ing to  2,000  tons,  were  cyanided  in  1901. 

(2)  Geology.  (a)  Country.  (i.)  Actinolitic  rocks. — The 
neighbourhood  of  this  Group  is  the  most  favourable  locality  for  the 
study  of  these  rocks,  which  frequently  outcrop.  An  account  of  them 
is  given  in  describing  the  Kyarra  Group  and  elsewhere  (pp.  67, 
238).  It  may  be  noted,  however,  that  two  varieties  are  here  repre- 
sented; one  (e.g.,  [3F0]  ^^^^  described  from  the  Kyarra; 
the  other  [3J-2I  is  much  finer  in  grain,  more  obviously  doleritic, 
and  without  the  actinolite  needles  and  felted  structure  of  [-3^]- 

(ii.)  Kyarra  ScJ/ists. — The  main  workings  are  all  in  soft  yellow 
iron-stained  (or  bleached)  schists,  which  could  not  be  examined 
microscopically,  but  resemble  weathered  schists  of  the  Kyarra  type. 

(iii.)  Massive  AmpJiiholile  (1). — No.  3  shaft  is  in  one  of  the 
patches  of  the  highly  decomposed  massive  rock  which  occur  through- 
out the  Area  {see  p.  68). 

(b)  ^^eins. — None  of  the  workings  except  those  off  the  main 
and  No.  4  shafts  have  located  quartz  veins  of  any  size.  The  gold 
which,  it  is  said,  can  always  be  got  by  panning  the  superficial  debris 
on  lease  427,  was  probably  derived  from  the  secondarily  enriched 
cap  of  the  complicated  system  of  veins  shown  in  the  inset  to  Plate 
VIJ.  In  their  erratic  course  and  other  characters  (except  their 
barrenness)  the  Old  Battery  veins  are  like  those  of  the  Kyarra. 

Each  of  three  samples  (Lab.  Nos.  7120-7122)  taken  in  the 
main  workings  (for  position  see  inset,  Plate  VII.)  showed  only  a 
(race  of  gold. 

D.— Lydta  G.M.L.  (1342N). 
(1)  Il/.slorj/,  elc. — This  lease  lies  on  level  ground  about  one 
and  a  half  miles  S.W.  of  the  Kyarra  G.M.  No  outcrops  occur,  and 
the  vein  was  found  by  sinking  near  some  gold-bearing  "floaters." 
Cement  is  6  to  12  feet  tliick  and  increases  the  dilliculty  of  ])ro- 
specting. 

iMtlicr  L.  Holtzmann  and  party,  who  early  in  1()12  crushed 
llircc  tons  IVom  shaCl  1  (PI.  IV.,  sheet  A)  lor  17^  ,0/.,  or  else  K. 
Millhank,  fii'st  found  gold  Iiere.  P.  0'l>rien  and  i^arly  began  work 
in  November.  1914,  and  lound  shaft  1  (with  dri\es  north  and  S(mth 
in  vahies  nowhere  rising  above  52s.)  and  shaft  2  (willi  a  cross-cut  to 
the  vein)  previously  sunk.  They  drove  south  on  Ihe  \  (Mn  in  shaft  2, 
imnicdialcly  got  fair  x'alues,  and  after  dri\ing  (iO  feel  entei'ed  a 
I  ntch  of  (ii-arl/  of  which  .0.3  Ions  vichled  2S.(;0(»/.  (!).I2  dolliel). 
Since  the  hcginninu'  of  1915.  (ifx*/.  have  Im'imi  dollied  ;iii<l  the  shaft 
is  being  sunk  to  lOOfl.  Foi-lv-lwo  tons  taken  out  in  develoi»ment 
have  yieldetl  71oz.  fjdwt.,  ami  valnes  in  the  shaft  are  sai<l  to  have 
impj-o\('d  fiom  .'iOdwI.  ;it  31ft.  h.  (ioz.  oxcr'iOin.  at  r)()fl. 
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A  Worlhington  pump  of  5,000  gallons  per  hour  capacity  and 
a  12  h.p,  vertical  boiler  are  installed.    Water  level  is  at  30ft. 

Shafts  3  and  4  in  search  of  the  continuation  of  the  Lydia  vein 
are  apparently  unsuccessful. 

(2)  Geology. —  (a)  The  Country  is  a  talcose  sericitic  schist 
very  decomposed,  resembling'  that  of  the  Kyarra.  Its  shear-planes 
are  parallel  to  the  vein. 

(b)  The  Vein  varies  from  2ft.  to  Gin.  of  yellow-brown  quartz, 
strikes  nearly  north  and  south,  and  is  vertical  or  dips  very  steeply 
sometimes  east,  sometimes  west.  The  quartz  where  richest  is  vughy 
and  is  coarsely  crystalline.  'The  gold,  in  crystalline  plates,  is  all,  or 
nearly  all,  in  the  vughs.  At  the  30ft.  level  the  vein  is  completely 
cut  across  by  a  cavernous  horizontal  parting.  Below  this  there  is 
rubble  for  2  feet,  after  which  Ihe  solid  quartz  comes  in  again. 

E.— Sabbath  Group  (PI.  VIII.). 

(1)  Tlislory^  etc. — The  Sabbath  Group  lies  on  level  ground  (as 
much  as  20  feet  of  "cement"  was  noted  in  some  of  the  shafts)  three 
miles  S.S.W.  of  the  Kyarra  G.M.  It  has  been  the  scene  of  four 
outbreaks  of  activity,  involving  the  pegging  of  much  the  same 
ground  in  leases  of  various  shapes  and  names. 

The  first  find  was  in  June,  1908,  either  by  J.  Woodhouse,  who 
when  shooting,  stumbled  on  a  line  of  rich  ^'floaters,"  or  by  C.  Phil- 
lips and  party.  At  least  eight  leases,  including  the  Sabbath  (797n), 
were  immediately  pegged  by  various  prospectors,  but  none  was  held 
for  more  than  two  years.  A  slight  renewal  of  interest  led  to  the 
taking  up  for  a  short  time  of  the  "Once  More"  and  "Once  More 
South."  In  1913,  four  leases  (the  "Kyarra  View"  and  others)  were 
held  for  a  little  time  and,  by  the  latest  accounts,  the  locality  was 
again  being  tried  in  1915. 


Table  shoicitirj  the  Yield  of  the  Sabbath  Group. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1909 

1910      . . 

1911 

1913 

1914  .. 

Sabbath,  797n  

Once  More,  1047n   

do.   

Booty,  1226n  

Kvarra  View,  1221n    . . 
Kvarra  View  North,  1222n    . . 
Kyarra  View,  1221n  

tons. 

139  00 
79-00 

108-93 
12-10 
46-10 

30  00 

oz. 

166-30 
90-39 
99-07 

6-55 
74-95 
*2-43 

5-95 

Total   

415-13 

445-64 

*  Dollied  and  specimens. 
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2.  Geology — (a)  Country-  (i.)  Schists.— The'&Q  rocks,  which 
are  too  decomposed  for  detaiied  examination,  but  resemble  those  of 
tlie  Kyarra  G3I.,  strike  practically  north  and  south  and  dip  west 
at  liigh  angles.  Near  the  veins,  there  are  frequent  thin  leaves  of 
(juartz  along  the  shear-planes. 

(ii.)  Massive  rock.  In  shafts  18  and  17  is  a  highly  decomposed 
spheroidally  weathered  massive  rock,  too  decomposed  for  micros- 
copic examination,  but  resembling  the  Ingliston  Extended  doleriie 
when  weathered  {see  page  63).  The  rock  is,  however,  mapped 
as  the  doubtful  amphibolite  remarked  on  in  the  Old  Battery  Grouj). 

Fig.  37. 


th7-r)ugii     Shafr    20  1^ 


SABBATH  GROUP 

Sli')wiii<i  lo'-.il  |i.ir,illf|istri  ()|  pljiics  oK  scJiislrsilv  'n  (lie  ^fin 
"  JO 


(h)  Veins.  These  strike  paralh'l  lo  llie  shear-planes  ol"  the 
schists.  At  the  iiorlli  end  they  dip  AvesI  very  steeply  or  are  vertical; 
lliose  at  tlie  soulli  end  dip  soiiiet  i  iiies  e;ist.  soiiicl  imcs  west,  and  in 
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the  former  ease  cut  across  the  shear-planes  of  the  schists  which, 
however,  have,  immediately  alongside  the  veins,  been  secondarily 
sheared  j^arallel  to  them  (Fig-.  37). 

The  veins  at  the  north  end  continued  south  on  their  strike 
would  be  500  or  600  feet  west  of  those  at  the  south  end.  None  of 
the  Sabbath  veins  have  been  followed  uninterruptedly  for  more 
than  150  feet,  and  it  is  unlikely  that  any  persist  for  any  great  dis- 
tance. They  are  seldom  more  than  one  foot  in  thickness  (excep- 
tions are  those  in  shafts  12,  13  and  21).  The  quartz  is  generally 
rather  glassy,  occasionally  blue,  not  much  stained  with  iron-oxide, 
and  frequently  shows  serpentinous  and  sericitic  scales.  The  small 
stringers  in  shaft  3  show  small  tourmaline  needles. 

Gold  is  apparently  found  in  short  shoots  and  is  rare  in  the 
wider  veins,  A  sample  from  the  bottom  of  shaft  21  where  the  vein 
is  four  feet  wide  yielded  only  a  trace  of  gold  (Laboratory  No.  7112). 

The  longitudinal  sections  (Plate  VIII.)  show  whence  ore  has 
been  taken.    A  few  tons  Avere  also  obtained  in  shaft  2. 

The  prospectors  are  said  to  have  found  only  one  side  of  the 
vein  worth  removing,  although  the  whole  would  have  been  payable 
with  a  battery  on  this  spot.* 

It  has  been  thoughtf  that  the  zones  of  quartz-impregnated 
schist  referred  to  above  as  bordering  on  the  veins  carry  payable 
amounts  of  gold,  but  the  following  assays  of  samples  taken  by  the 
writer  are  discouraging: — 


Laboratory 
No. 

Locality  and  Remarks. 

Result  of  Assav . 

7113 

Shaft  23— Footwall  of  lode  . . 

Gold— Trace. 

7114 

Shaft  12 — -West  cross-cut,  west  section 

do. 

of  lode 

711.5 

Shaft  12 — West  cross-cut,  across  lode. . 

do. 

7116 

Shaft  5 — N.W.  cross-cut,  across  lode.  . 

Gold— Id wt.  7gr.  per 

ton 

7117 

Shaft  6 — Cross-cut,  across  lode 

Gold — 9gr.  per  ton. 

F. — 'Future  of  Mining  in  Kyarra  Schists. 
The  country  mapped  in  Plate  IV.,  sheet  A,  as  mainly  Kyarra 
schists  carries  many  veins,  some  of  which  have  yielded  small  quan- 
tities of  rich  ore.  Prospecting  in  the  western  part  is  greatly  ham- 
pered by  the  covering  of  superficial  debris.  The  many  quartz  veins 
outcropping  in  the  eastern  section  deserve  more  methodical  testing 
than  they  have  yet  had,  and,  from  the  character  of  their  outcrops, 
will  probably  follow  twisted  courses  like  the  Kyarra  veins.  Some 


*  Montgomery  Rep.  Miii.  Prog.,  TVTurchison  and  Peak  Hill  Goldfield,  p.  57. 
+  Kep.  Dept.  Mines  for  1908  p.  33. 
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may  reasonably  be  expected  to  contain  gold,  possibly  in  rich  dabs, 
bnt  probably  no  large  i:ayable  bodies  exist.  The  hard  tough  green- 
stones (actinolite  rocks,  etc.)  are  almost  certainly  quite  barren, 

III.— LODES  OF  THE  HAVELUCK  TYPE. 
A. — Jasper  Star  Workings.  (Fig.  38.) 
(1.)  Historij,  e/f.  — Gold  Avas  discovered  on  this  lease  (aboni 
half-a-mile  east  of  the  Sabbath  Group)  in  1908,  and  the  ground 
was  held  by  G.  Boyd  and  party  for  two  years,  since  when  the  ground 
has  been  unoccupied.  A  four-acre  ^"alluviar'  patch,  partly  on  the 
lease,  attracted  a  good  many  men  in  August,  1908,  but  there  appears 
to  have  been  no  warrant  for  the  rush.  The  inextensive  and  shallow 
workings;  now  ojien  follow  irregular  quartz  stringers.     In  190S, 


Fig.  38. 


4 


SCAI.K  :  I'JOt't.  =  1  ilicli. 

li()W('\er,  Inspector  Lander  wrole*  — "Oiu'  I'ccf  \1  shaft]  lias  l)een 
sind<  T).'}!'!.  lo  water-level.  The  reef  was  cut  at  Hie  end  of  a  2511. 
cr-ossciil.  It  is  2r(.  in  widlli,  but  is  iiol  |>ayabl('.  Aiiollier  sliafl 
(j)robably  No.    I  <»n   Kig.  ."{S),  (iOl'l.  noilli  of  llu>  above  has  been 

•Bep.  Dept.  Mint  s  for  1908  p.  33. 
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sunk  15ft.,  and  20ft.  of  driving  have  been  done.  The  reef  is  18in. 
wide  and  very  rich.  Tliirty  pounds  of  stone  gave  a  yield  of  5oz. 
ISdwt.  of  gold."  The  vein  of  such  promise  in  shaft  4  breaks  up 
into  stringers  which  die  away  in  a  few  feet. 


Table  showing  the  Yield  of  the  Jasper  Star  Lease. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1908  . . 

1909  . . 

■Tasper  Star,  798n  (alluvial)  .  . 

do.   

tons. 
•15 

07S. 

26-36 
*5-88 
24-59 
*22  00 

Total   

•15 

78-83 

*  Dollied  and  specimens. 

2.  Geology. — Below  the  ^'cement"'  the  rocks  are  completely 
bleached  and  show  no  sign  of  original  structure  except  an  occasional 
trace  of  shearing.  The  supposed  porphyry  dykes  netted  with  quartz 
stringers,  which  are  mapped,  are  similar  in  character  to  those  in 
the  Haveluck  Group  [see  page  108).  The  quartz  stringers  appar- 
ently contained  the  gold  and  it  is  on  this  account  that  the  Jasper 
Star  is  included  in  lodes  of  the  Haveluck  type. 

A  shaft,  nearly  three  miles  south  of  the.  Jasper  Star,  near  the 
old  Nannine-Peak  Hill  track,  sunk  in  schists  of  the  Kyarra  type  on  a 
vein  which  strikes  N.E.  and  dips  S.E.  at  75°  has  apparently  yielded 
a  little  ore,  but  is  lost  at  a  depth  of  about  20  feet. 

B.— Haveluck  Group  (Plate  IX.). 

1.  Hist  org,  etc. — This  group  stands  on  high  ground  about  one 
mile  north  of  Meekatharra,  near  the  granite.  Gold  was  discovered 
here  in  1894  by  T.  Creer,*  who  had  to  abandon  prospecting  the  lode 
because  men  could  not  be  induced  to  stay  in  such  an  out-of-the-way 
place.  The  Haveluck  Lode  was  thus  the  first  ore-body  discovered 
close  to  Meekatharra. 

B.  J.  O'Brien  apidied  for  the  Haveluck  Lease  in  October,  1898, 
but  a  crushhig  of  21  tons  for  31oz.  (or  of  41oz.  from  31  tons, 
according  to  another  account),  ])Ossibly  taken  from  shaft  Sf  was  not 
considered  good  enough,  and  the  lease  lay  idle  for  a  year,  after 
w^hich  Mason  and  party  began  work  and  crushed  601/2  tons  from 
the  70ft.  level  for  IQOoz.  From  1898  till  June,  1914,  the  lease  was 
constantly  occui)ied  by  various  ])arti('S,  and  was  re-ai)i)lied  for  in 
January,  1915.  

*  APcordniK  to  an  account  published  in  the  Murcfdsori  Times,  October  13,  190(1. 
t  This  return  is  not  found  in  the  Mines  Dept.  Statistics. 
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The  leases  norm  and  south  of  the  Haveluck,  generally  known 
as  the  Lone  Hand  and  King  of  the  Hills,  respectively,  have  been 
held  under  various  names  from  time  to  time  since  1S99. 


Table  showing  the  Yield  of  the  Haveluck  Lodes. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

tons. 

oz. 

1899 

Haveluck,  236n 

54  00 

49-16 

1900 

Do.   

136- 00 

162-14 

1901 

Do.   

580-75 

305-76 

Haveluck  Extended,  257n 

203  00 

63-55 

Haveluck  South,  279n 

188-00 

183-27 

1902 

Haveluck,  236n 

193  00 

211-32 

Lone  Hand  (former  257n)  432n 

300-50 

139-84 

Haveluck  South,  279n 

394-00 

236  05 

1903 

Haveluck,  23 6n 

711-50 

428-89 

Lone  Hand,  432n 

104- 00 

21-33 

Haveluck  South,  279n 

563 • 25 

173-08 

1904 

Haveluck,  236n 

158-00 

126-70 

Haveluck  North  No.  1  (former  486n) 

133-75 

37-94 

Haveluck  South,  279n 

152-00 

40-68 

Haveluck  Consols  (former  553n)      .  . 

64-00 

29  07 

1905 

Haveluck,  236n 

240 • 50 

352-09 

Haveluck  Proprietary,  592n  (former 

1,072  00 

302-25 

486n) 

Haveluck  Consols,  553n 

131  00 

41-53 

1906 

Haveluck  Proprietary,  592n            . . 

400-00 

90-55 

Haveluck  South,  677n  (former  553n) 

36-00 

15-87 

1907 

Haveluck,  236n 

466-50 

218-87 

Haveluck  Proprietary.  592n            . . 

1,168-50 

263-20 

Haveluck  South,  677n 

19-50 

11-87 

1908 

Haveluck,  236n   

234-00 

38-58 

1909 

Haveluck,  236n 

32-00 

48-62 

Lone  Hand,  852n  (former  592n) 

53-10 

46-96 

1910 

Haveluck,  236n   

444  00 

123-10 

Lone  Hand,  852n 

149  00 

306-56 

1911 

Haveluck,  236n   

484-97 

298-59 

Lone  Hand,  852n 

103-75 

94- 11 

Do.   

*-50 

King  of  the  Hills,  1115n  (former  C77n) 

25  00 

77-46 

1912 

Havehjck,  236n   

448-67 

333-72 

King  of  the  Hills,  1115n 

541-99 

133-57 

1913      . . 

Haveluck.  23GN   

37-00 

11-38 

Victory  1233n  (former  8r)2N) 

63  00 

15-40 

King  of  the  Hills,  11 15^ 

253  00 

45-28 

1914  .. 

Haveluck,  23Gn   

93- 10 

15-53 

Victory,  1233n  

449- 10 

66-87 

Total   

10,881-43 

5,161-24 

*  Dollied  and  specimens. 
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It  may  be  noted  that  the  output  of  the  individual  leases  is: — 


1 ' 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

Rate 
per  ton. 

tons. 

oz. 

oz. 

Lone  Hand 

4,199-70 

1,449-06 

-34 

Haveluck 

4.313-99 

2,724-45 

-63 

King  of  the  Hills   

2,367-74 

1,087-73 

•46 

Fig.  39. 


CROSS    SECTIONS  OF  THE  PORPHYRY  DYK  ES  IN 

THE  HAVELUCK  GROUP 

MEEKATHARRA  DISTRICT 


KING    OF  THE  HILLS  HAVE  LUCK 


SCAtE         OF  f£El 

NOtf    fOB  OIRECTinN  OF  SECTIOt*  LlNtS  SEE  PLATE  Ix- 


2.  Geolofjy — (a)  Country. — Down  to  the  lowest  levels  (IGOft.) 
the  rocks  are  so  excessively  decomposed  that  microscopic  examina- 
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tion  is  unprofitable.  They  are  sheared,  the  shear-planes  running 
about  15°  E.  of  N.  and  dipping  steeply  east.  They  are  usually 
g-reatly  bleached;  the  least  altered  specimens  are  indistinguishable 
from  the  ^'flecked  schists''  of  Paddy's  Flat. 

(b)  I/O  to.  — The  lode  material  (Fig.  24)  is  a  kaolinised  un- 
sheared  rock  carrying  many  quartz  stringers  which  vary  in  thick- 
ness from  mere  threads  to  veins  1ft.  or  even  3ft.  in  thickness,  and 
are  confined  to  the  unsheared  rock.  The  latter  is  considered  to  be  an 
acid  intrusive,  but  is  too  decomposed  for  microscopic  examination. 
The  lodes  are  generally  said  to  be  three  in  number,  but  examination 
of  the  plan  (Plate  IX.),  and  sections  (Fig.  39),  shows  that  there 
are  two  which  branch  several  times.  Each  branch  may  subdivide, 
as  is  well  seen  on  the  97ft.  level  of  the  Haveluck  G.M.L.  and  the 
soft,  level  of  the  King  of  the  Hills.  Enrichment  is  thought  by  those 
with  practical  experience  of  this  group  to  take  place  at  the  forks. 

It  has  been  found  impracticable  to  show  all  tlie  branchings  and 
irregularities  of  the  dykes  in  the  plan  and  sections.  Their  sudden 
changes  in  dip  also  make  their  projection  to  the  surface  difficuir. 
In  the  plan  they  have  been  shown  at  about  the  100ft.  level  and  the 
calculated  outcrop  of  their  footwalls  alone  shown  at  the  surface. 
Some  of  the  connections  are  doubtful — thus  the  dyke  in  the  "South 
Shaft"  (King  of  the  Hills)  may  be  the  eastern  one,  and  it  is  pro- 
bable that  the  east  and  west  dykes  join  between  the  South  Shaft  and 
the  main  workings. 

Two  samples  from  the  north  end  of  the  50ft.  level,  Haveluck 
G.M.L.,  one  containing  only  the  quartzose,  the  other,  as  far  as  pos- 
sible, only  the  kaolinic  j  art  of  the  dyke,  were  assayed  with  the  fol- 
lowing results: — 


G.S.W.A. 

Laboratory 
No. 

Character. 

Result. 

7107 
7108 

Quartz  from  dyke 
Kaolin  from  dyke 

Gold— 7dwt.  9gr. 

per  ton. 
CJold — Gdwt.  Ogr. 

per  ton. 

From  tliis  i 

apix'ai's,  as  asscrled 

by  11  lose 

wlio 

c  woi-kod  on  ilie 

(llroii|),  Hull 

gold  occurs  bolli  in  (| 

iiarl/  an( 

kao 

in. 

( (• )    Cross- Faults. —  S  ( '  \-  ( ■  i  ■ ;  1 1 

aults  (M 

il  o) 

)li(|n('ly    across  (he 

dykes,  iisimi 

ly  displacing  t  liciii  on 

ly  a  IVw 

iiiclies.    The  cross-faults 

(\(>  nol  inlliu'iice  llie  lenoi-  (»!'  t  lie 

oi'c.  aii<l 

<lo  1 

lot.  as  a  rule,  carry 

quartz  or  g( 

)ld.  However,  al  llic  i 

oilli  (Mid 

of  11 

('  !)()ri.  l(«\('l,  a  lilllo 

work  hjis  been  done  on  a  line  of 

"ross-laull  inu 

,  wiiere  s( ringers  ol' 

l)lue  (|uartz 

of  varying  size  have 

formed  a 

long 

the  fault  and  where 

there  is  miu 

•li  ii'orisl ain. 
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o.  Dry-hlown  Patch. — At  the  south  end  there  is  a  dry-blown 
patch  of  about  10  acres,  apparently  on  ^uold  from  the  southern  con- 
tinuation of  the  Haveluck  lodes.  Many  shafts  have  been  sunk  in 
search  of  the  parent  body  without  success.    The  majority  are  in  m 
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massive  rock  (so  highly  decomposed  [j;|o]  that  all  trace  of  the 
original  microscopic  structure  has  gone)  which  is  mapped  with  the 
doubtful  amphibolites  {see  page  68). 

C. — Ralph's  Patch  Group  (Fig.  41). 
(i.)  History,  etc.  — This  group  is  about  half  a  mile  N.E.  of  the 
Haveliick.  Ralph  was  led  by  the  discovery  of  "'alluviar'  (said  to 
have  yielded  270ozs.  of  gold)  on  this  group  to  find  the  rich  leader 
for  which  Ralph's  Patch  was  noted.  The  "Multum  in  Parvo"  (610X) 
was  held  by  Ralph  Bros,  from  1905  to  1910.  Though  the  same 
ground  was  afterwards  occupied  by  other  parties,  apparently  noth- 
ing of  value  was  obtained,  but  in  19] 0  C.  F.  Connelly  crushed  GO 
tons  from  an  old  dump  for  an  average  of  61/9  dwt.  per  ton. 

A  good  deal  of  exploration  work  by  shallow^  levels  just  under 
the  "cement"  (wdiich  is  3ft.  to  6ft.  thick)  has  apparently  been  fruit- 
less. The  main  shaft,  now  filled  to  34ft.,  is  said  to  have  gone  to 
water-level  (about  150ft.). 


Table  showing  the  Yield  of  the  Ralph's  Patch  Group. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1906 

1907      . . 

1908 

1909 

1910  .. 

Multum  in  Parvo,  61  On 

Do.  do  

Do.  do  

Do.  do.   

Mt.  Ralph,  855n  (alluvial)     .  . 
Multum  in  Parvo,  610n 
Multum  in  Parvo,  969n 

tons. 
7-00 
34- 11 
•02 
18-00 

3-00 
266-00 

oz. 

82-33 
1,486-16 
426-31 
171-53 
200 
8-71 
37-64 

Total   

328  13 

2,2:4  68 

2.  (ie()l()<;!i. — The  highly  decomi  oscd  country  and  llie  acidi^ 
dykes  resemble  tiiose  of  the  Haveluck  Group;  but  tiie  Ralph's  Patch 
diiTer  from  the  Haveluck  dykes  in  their  much  greater  size  and  com- 
|)arative  freedom  from  quartz  veins.  It  is  doubtful  also  whether 
the  gold-occurrence  at  all  resembles  that  of  the  Haveluck.  Nothing 
is  now  left  of  the  rich  vein,  but  *  in  "a  slial'l  about  20  I'eet  deep  the 
rich  vein  [was]  about  2in.  wide,  i-unning  north  and  south  aiul  under- 
laying about  1  in  1  to  the  east."  The  I'ich  veiji  is  said  to  have  been 
fill  by  an  "ironstone  indicatoi'"  <li|)|)ing  N.E.,  and  though  very  rich 
;it  the  inteiscci  ion,  to  ha\'e  been  bai'i-en  below  il.  It  is  iei)orted 
thai  I  he  liold  (((•(•iirr(Ml  '•nellcd  logclhcr  in  an  a^h-like  suhsl  ance." 

•  Moiif^'diiM'iy  l^<'i>.,  Dcj't.  Mint's  for  l!'(i7,  iiii^fi)  !];{. 


Ill 


Fig.  41. 


I). — Bedford  Group  (Fig.  42). 

1.  Jlisiory.  —  The  leases  Georgina,  Bedford,  elc,  were  pegged 
early  in  1907,  but  none  were  held  for  more  than  two  years.  The 
prospectors  were  no  doubt  looking  for  the  source  of  the  "alluvial," 
the  dry-blowing"  for  which  covers  a  great  part  of  the  "Bedford  Ex- 
tended." 
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Fig.  42. 


PLAN    SHOWING  WORKINGS  AND  GEOLOGY 

BEDFOR°D  CROUP 

E  ae  C  Clarke.  Fiela  Ceologisr 

Vjy  mi 

 300   eoo" 


I 


Tlic  loiij^cr  (mI^cs  of  the  |tl;in  inn  noitli  .-md  sontli. 


2.   (le<>lo()!i.~-  (\.)   AnijihiholUe  (f).— The  slijil'ts  soulli  of  2  ;m<l 
in  a  liiulily  (Iccoiniioscd  iii;issi\(',  |i(M-lia|)S  oL'  tl»o  type  already 
(lescrilx'd  (p.  (iS).     It  occasionally,  however,  shows  small  seams  ol" 
(|uarlz. 
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(ii.)  Schists. — These,  seen  in  shafts  1,  2  and  3  strike  N.N.f]. 
and  aip  east  at  45°.  In  general  they  resemble  the  schists  of  the 
Havel ick  Group,  Near  the  porphyry,  however,  they  have  a  little 
of  the  green  colouring  shown  by  weathered  rocks  near  the  Paddy's 
Flat  forphyry.  It  is  quite  possible  that  both  the  schists  and  the 
"amphibolite"  are  really  of  peridotitic,  and  not  doleritic  origin. 

(iii.)  Porphyria. — The  dyke  of  acidic  rock  mapped  has  the  same 
character  as  the  porphyry  of  Ralph's  Patch  and  is  probably  continu- 
ous with  it. 

E. — Future  of  Mining  near  Haveluck  and  Allied  Groups. 

There  seems  no  reason  to  fear  that  the  Haveluck  dykes  will  show 
any  marked  impoverishment  for  a  considerable  depth.  It  is  sur- 
prising that  no  attempt  was  made  to  deal  with  them  in  a  larger 
way.  Now  that  so  much  of  the  easily  Avon  shallow  ore  is  gone,  there 
is  not  the  same  inducement  to  equip  a  plant,  unless,  as  seems  quite 
likely,  other  auriferous  porphyry  dykes  exist  in  the  unexplored 
ground  on  either  side.*  Judging  from  their  smallness  the  Haveluck 
dykes  cannot  extend  far  south  of  the  King  of  the  Hills.  If  there 
IS  such  a  southward  extension  it  probably  lies  east  of  the  prospect- 
ing shafts  sunk  in  search  of  it. 

The  neighbourhood  of  the  western  pori:thyry  dyke  on  tlie  Ralph's 
Patch  Group,  with  its  two  fairly  persistent  veins,  deserves  further 
prospecting,  as  does  also  the  west  side  of  the  dyke  in  the  Bedford 
Group. 

Near  the  Jasper  Star,  also,  other  auriferous  dykes  probably 
exist.  Here,  as  in  other  groups  of  this  type,  the  only  method  likely 
to  lead  to  the  discovery  of  other  ore-bodies  is  the  search  for  aurifer- 
ous "floaters"  (thev  need  not  be  rich)  and  patches,  however  small,  of 
"alluvial." 


IV.— OTHER  SMALL  GROUPS  NORTH  OF  PADDY'S  FLAT. 

A. — 68-Mile  Workings. 

A  little  work  has  been  done  a  quarter  of  a  mile  west  of  the 
68-mile  post  on  the  Peak  Hill  road  on  several  very  irregular  quartz 
veins  (Fig.  43).  The  highly  weathered  schists  are  here  seen  in  con- 
tact with  a  kaolinised,  quartz-seamed  rock,  thought  to  be  a  marginal 
phase  of  the  Meekatharra  gTanite  (cp.  page  54,  Chap.  IV.).  The 
schists  have  been  repeatedly  faulted  and  injected  with  irregular 
(piartz  veins,  the  earlier  of  which  have  been  faulted  by  the  later. 

A  few  tons  of  ore  have  been  removed  from  the  workings,  but 
lliere  is  no  record  of  crnshings. 


*  For  further  discussion,  seo  Montgomery,  Rep,,  Dept.  Mines  for  1907,  p.  113. 
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B. — 65-MiLE  Workings. 

Ten  chains  E.S.E.  of  the  65-mile  post  on  the  Peak  Hill  road, 
four  20ft.  shafts  with  about  200ft.  of  driving  and  crosscutting  are 
found  (Fig.  44).  The  higlily  decomposed  rocks  aic  traversed  by 
N.E.  shear  planes  and  have  the  character  of  the  peridotitic  rocks 
("black  schists")  of  Paddy's  Flat. 

A  little  ore  has  been  taken  out,  but  no  records  are  available. 


Fig.  43. 


C. — WiiiTFORiys  Group  (Fig.  45). 

1.  History,  e/c— This  grouj)  is  about  lialf-a-mile  west  of  the 
()5-mile  post  on  tlie  Peak  Hill  road,  in  1909  T.  F.  Whitford  and 
another  held  the  "Gold  King"  (87Sn,  partly  included  in  the  later 
"Central"  and  "Macfarlane's  Great  View"),  and  "(lold  King  Con- 
sols" (.SS2x).  In  1912,  the  Great  Fingall  G.T\1.  (\).  liad  an  oi)tion 
over  jiart  of  this  gT-oii))  wliich  was  llirown  up  al'ler  the  few  shafts, 
|!()th()l('S  and  costcens  liad  been  samiilcd.  hi  IDl.'Ml,  the  main  shaft 
was  sunk,  but  the  "lode,"  when  iiilcrscctcMl,  was  fouiid  to  carry  jioor 
values,  and  these  only  on  th(>  foot  wall,  and  woi-|<  ceased. 

2.  (ieolixjji.  The  hcsl  spcciin  mis  of  the  count i-y  are  a,  bleached 
dccoinposetl  schist  in  which  leaxcs  of  ((uai't/  parallel  to  the  shearing 
arc  faii-Iy  comitKui.  At  the  surface,  tlie  schists  are  extensively  silici- 
licd,  ;iiid,  in  tlic  case  of  tlic  ".lasper  hode,"  charged  with  limonite 
sjiid  to  li;i\('  liaccs  (d'  gold.    Tlies(»  schists  sliow  pcM'haps  more  simi- 
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laiity  to  the  Kyarra  than  to  any  other  type,  but  are  too  decomposed 
for  detailed  work,  and  are  mapped  as  flecked  schists. 

The  ''Main  Lode"  strikes  N.E.  and  dips  S.E.  at  70°,  i.e.^  paral- 
lel to  the  schists,  of  which  it  is  merely  a  belt  very  abundantly  im- 
pregnated with  quartz  stringers  and  a  good  deal  of  limonite.  It 
has  been  traced  for  about  700  feet,  and  varies  in  width  from  a  few 
inches  to  20  feet. 

Fig.  44. 

PLAN  or  WORKINGS 


NEAR  65  MILE  POST.  PEAK  HILL  R° 

EdcC  Ciarhe  -J-  Field  Geoiog-sr- 


The  shorter  edges  of  the  plan  run  north  and  south. 


Particulars  of  the  sampling  are  not  available,  but  it  is  said 
that,  though  assay  values  up  to  120s.  per  ton  were  got,  there  was  no 
evidence  of  a  continuous  body  of  payable  ore. 

Two  shafts  about  a  quarter  of  a  mile  east  of  Whitford's  have 
disclosed  the  boundary  between  granite  and  '-greenstone,"  but  are 
otherwise  unimportant. 


D.— Jackson's  Group  (Plate  X.) 

1.    Ilistorii,  Jackson's  Group  is  about  a  quarter  of  a  mile 

east  of  the  Peak  Hill  road  between  the  66  and  67-mile  posts.  The 
first  find  was  in  February,  1908,  when  the  Nil  Desperandum 
(774n)  was  pegged.  The  ground  was  successively  held  by  four 
parties  till  the  middle  of  1915.  The  two  other  leases  were  held  for 
short  periods  in  1910  and  1911. 
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Table  shoiciiig  Ihe  Yield  of  Jackson's  Group;. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1908 
1911 

1913  .. 

Nil  Despe^andum.  774x 
Wavback,  1072n  (former  774n) 

bo.  do  

tons. 
10  00 
48-50 
37-10 

oz. 
3-22 
32-43 
40-68 
*l-24 

Total   

95  60 

77  57 

*  Dollied  and  specimens. 

2.  Geology. — Highly  decomposed,  probably  peridotitic,  schists, 
somewhat  coarse  in  grain,  but  finer  at  the  north  end,  striking  N.E. 
and  dipping  S.E.  at  angles  of  about  70°,  form  all  the  country  seen 
in  this  group. 

The  workings  are  all  on,  or  in  search  of,  the  same  quartz  vein 
which  runs  parallel  to  the  strike  and  dip  of  the  country  and  is  never 
more  than  2^/2  feet  thick.  The  quartz  seen  by  the  writer  was  white 
and  rather  glassy  with  occasional  limonite  seams.  Quartz  said  to 
come  from  the  flooded  115ft.  level,  from  which  crushings  averaging 
loz.  to  the  ton*  are  reported,  differs  in  showing  the  fine  "capil- 
laries" of  clear  quartz  noted  in  Paddy's  Flat  (page  159).  Near 
shaft  5  the  vein  is  clearly  divided  into  hanging-  and  footwall  sec- 
tions which,  in  places,  separate  to  enclose  small  "horses." 

In  the  flooded  workings  the  vein  is  said  to  be  crossed,  about 
SOi't.  down,  by  a  vein  dipping  in  the  same  direction  at  a  flatter  angle 
which  "impoverished"  the  main  vein  for  one  foot  above  and  eight 
feet  below  tlie  crossing.  However,  a  fragment  said  to  come  from  the 
flatter  vein  (which  is  heavily  charged  with  needles  of  black  tour- 
maline) shows  coarse  "colours"  of  gold. 

Two  shafts  a  (juarter  of  a  mile  north  of  Jackson's  serve  to  de- 
fine the  boundary  of  the  granite.  Judging  by  the  tourmaline-})ear- 
ing  (juartz  described  above,  an  acid  rock  must  intrude  the  schists 
nearer  tlic  workings  oi'  Jackson's  (ii-ouj). 

Y._(;|{()1  I'S  WKST  AND  SOUTH  OF  M  KKlvATll Al^i A. 
A.-|{KM';i>'iJ-;v  G.M.L.  (I'lalo  XI.). 
1.     nislori/,   etc. — This   h-ase  ()c('n|)i('s  ground    lii'sl    taken  up 
as  '''I'he  ^'ag|  ic"  (ITlx),  by  1'.  Wfighl  and  K.  (Jeaiw  in  Juiu-,  1!)():5, 
Tlic  gi-ound  has  since  been  peggeil  in  \arious  ways,  but  has  never 
b('<'n  lichi  long. 

•  "  All  tlio  ore  taken  from  tluH  property  Ims  crusherl  2(5  dwts.  per  ton."  Lunder, 
|{.-|..  D.  pt.  MineH  for  1911,  j).  :!:>. 
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Mr.  W.  C.  Smith  supi^lies  the  following  account  of  the  chief 
operations : — 

Shaft  7*  was  the  first  sunk  after  the  finding  of  small  patches 
of  "alluvial,"  but  no  crnshings  were  taken  from  it.    Shaft  13  was 


Fig,  45. 


*  Numbers  are  those  on  Plate  XI. 
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the  next  and  from  it  29y2  tons  taken  as  a  sample  gave  only  4  oz. 

2  dwt.  by  amalgamation.  The  property  was  then  abandoned.  An- 
other party  sank  shaft  9  on  a  cross  vein  and  crushed  100  tons  for 
99  oz.  6  dwt.  by  amalgamation.  This  vein  was  lost  and  after  sink- 
ing to  150  feet,  the  lease  was  again  abandoned.  A  third  party  sank 
shaft  11,  which  yielded  9  oz.  14  dwt,  4  gr.  by  amalgamation  from 
15  tons.  Later  No.  1  was  sunk  and  gave  only  3  oz.  19  dwt.  from 
33  tons.     Shaft  No.  16  gave  a  15-ton  crushing  which  returned 

3  oz.  8  dwt.  18  gr. 


Table  showing  the  Yield  of  the  Beverley  Lease. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1904  . . 
1906  . . 
1907 

Beverley,  (535n)   

Do.   

Beverley  Leases  (535n)  and  (648n) 

tons. 

44-25 
100- 00 

41-50 

oz. 

6-94 
93-51 

6-76 

Total   

185-75 

107  21 

2.  Geology. — In  shafts  4  and  5,  highly  decomposed  and  iron- 
stained  schists  are  exposed.  Otherwise  all  the  workings  are  in  a 
kaolinized  acid  dyke  traversed,  except  in  shafts  14  and  15,  by  many 
quartz  stringers  which,  though  erratic  in  course,  generally  run  east 
and  west.  These  stringers  swell  out,  join  together  and  die  away  quite 
irregularly  (Fig.  46).  The  general  course  of  the  Beverley  dyke  is 
seen  on  Plate  IV. 

The  gold  is  carried  by  the  quartz  stringers  in  the  porphyry, 
particularly  those  which  strike  east  and  west,  and  also,  it  is  said, 
in  the  kaolinic  parts  of  the  dyke.  The  shoots  of  gold  in  these  east- 
and-west  veins  are  said  to  pitch  to  the  east.  Values  are  apiiarenlly 
not  found  in  the  veins  which  occur  in  the  schists. 

The  gold-occurrence  on  tliis  lease,  therefore,  shows  resemblances 
botli  to  the  Havel  lick  and  to  the  Plalcyon  types,  and  the  remarks 
regarding  the  future  of  mining  in  the  Haveluek  Group,  more  especi- 
ally tlie  inducements  for  treatment  on  the  spot,  ai)ply  also  to  the 
Beverley. 

B. — Coronation  O.M.L.  and  NKKiiinouRiiooi)  (IMale  XII.). 

L  History,  cJc- — This  lease,  although  adjoining  the  Beverley, 
rliffcrs  from  it  geologically. 

Tli(!  southern  of  the  Iwo  <|uni'l/  blows,  lying  close  lo  the  Nan- 
iiinci  road,  was  t  houghl  hnrreii  unlil  19(17.  when  I  loll/ninnn  nnd 
l)evin(^  snnk  Ji.  sliJiri  niid  took  out  a  5-lon  ci-nshing  which  yiehlecl 
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7oz.  per  ton.  At  a.  depth  of  20  feet  a  "leader  with  splendid  pros- 
pects" was  cut.  Since  then,  though  a  number  of  parties  have  heh:l 
the  ground,  only  one  attempt  has  been  made  to  test  the  vein  at  any 
depth. 


Fig.  46, 


s. 


Superficsd, 

///A\\\V////-^ 
A  A 


deposUs. 


N. 


AAA  A 

LONGITUDINAL    SECTION     OF   SHAFT  W\ 

c^BEVERLEY  G.  M  L. 

MEEKATHARRA  DISTRICT. 
%  ^' 

SCALE     OF  FEET 


Table  showing  the  Yield  of  the  Coronation  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1907 

1910  .. 
1912 

1913      . . 

Lady  Loma,  748n   

Swastika,  978n  (former  748n) 
Coronation,  1162n  (part  978n) 
Gilbannia,  1250n  (former  1162n) 
Do.  do. 

tons. 
12-00 
81-00 
27-05 

io-10 

oz. 

7-06 
29-40 
18-66 
*28-83 
7-37 

Total   

130- 15 

91-32 

*  Dollied  and  specimens. 
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2.  Geology. — The  country  in  these  Avorkings  is  a  soft  greenish 
schist,  very  similar  to  the  "flecked  schists"  of  Paddy's  Flat,  which 
strikes  between  15°  and  25°  E.  of  N.  and  dips  south-east  at  angles 
varying  from  45°  to  70°.  This  amount  of  variation,  unusual  in  such 
a  small  area,  is  due  perhaps  to  the  nearness  of  the  Beverley  dyke. 

Three  shear-planes  striking  about  east  and  west  are  shown  on 
the  plan.  Tliey  do  not  seem  to  have  affected  the  veins,  and  are 
therefore  older. 

^Tbe  large  quartz  blow  continues  undergTound  as  several  small 
veins,  never  more  than  one  foot  wide,  running  through  the  country 
roughly  parallel  to  one  another  and  to  the  strike  of  the  schists,  but 
dipping  east  at  lower  angles — never  more  than  45°  and  usually  20° 
to  30°.  The  quartz  is  vughy  and  white  or  bluish.  The  footwall- 
veins  of  this  series  have  been  the  only  payable  ones.  The  continua- 
tion of  these  veins — apparently  unpayable— is  cut  in  the  72ft. 
cross-cut,  making  the  average  dip  about  35°. 

C. — Workings  South  and  West  of  the  Foregoing. 
Most  of  these,  being  of  interest   only  in  that   they  help  in 
mapping  the  geology  of  a  part  which  shows  few  outcro})s,  call  for 
no  further  notice  here.    Regarding  the  following,  a  few  notes  may 
be  given : — 

King  George  G.M.L. — ^On  this  forfeited  lease,  a  quarter  of  a 
mile  south  of  the  Coronation,  which  was  occupied  for  a  short  time 
in  1910,  there  are  two  shafts  and  about  40  feet  of  cross-cutting  on 
stringers  in  the  jasper  bar  country.  Although  tliis  north  end  of 
the  jasjier  bars  is  a  ])art  in  Avhich  more  prospecting  should  be  done, 
the  King  George  workings  were  resultless. 

The  Easter  Eve  Gift  and  Gift  Extended  Leases,  a  quarter  of  a 
mile  S.E.  of  the  King  George,  were  i^egged  in  April,  1905,  have 
long  been  abandoned,  and  very  little  work  has  ever  been  done  on 
them.  They  are  in  jasper  bar  counlry,  but  there  are  no  particulars 
as  to  the  mode  of  occurrence  of  the  gold.  The  only  ivcord  is  tliat  in 
1906  the  Easter  Eve  Gift  yielded  2.01  o/.  of  specimen  and  dollied 
gold. 

''Cameron's  Sliaj't;'  near  the  21-inile  post  of  llie  Nannine  Road, 
was  sunk  25  feet,  and  about  100  IVel  of  driving  was  dcme  on  small 
veins  without  a  trace  of  gohh  on  nccouiit  of  the  discovery  of  a 
})()nld('i'  of  "a  sort  of  conglomerale"  (probably  (|nni-l/  fi'agmenls 
cemented  with  liinonile)  rich  in  gold. 

"Shaft  F,"  nboul  10  clniins  cast  of  the  20-inile  post  on  the 
Xannine  Ifoad,  is  10  fed  «lo\\  ii  on  a  xciy  irrcgidar  vein  of  bhiish 
(juartx.  The  coiuitry  is  ;i  plaly  ii-on-st ained  scliisl,  possibly  of  the 
Valogimla  lyix^. 
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YI.— PIONEER  GROUP  AND  NEIGHBOURHOOD. 
A.— PioxEER  Group  (Plate  XIIT.,  Sheets  1  and  3). 

1.  Ristorij,  etc. — The  Pioneer  Group,  extending-  from  the 
Pioneer  lease  in  the  north  to  N93  ("Savages")  in  the  south  and 
covering'  about  100  acres  of  quartz-strewn  country  (Fig.  33),  lies 
close  to  the  east  boundary  of  Meekatliarra  Townsite.  The  group 
ends  abru23tly  in  the  south  at  Savage's  quartz  blow  (Fig.  32)  and 
does  not  extend  far  beyond  the  hillock  on  which  the  Pioneer  work- 
ings are  situated. 

In  May,  1896,  G.M.L.  90x  ("Meekatharra,"  now  the  Pioneer) 
was  ai)plied  for  by  J.  Meehan,  L.  Soieh,  and  T.  Porter,  G.M.L. 
85n  ("Little  Sweetheart")  by  J.  Regan,  and  93n  (N93)  by  L.  H. 
Darlot.  These  leases  are,  in  the  Report  of  the  De]iartment  of  Mines 
for  1895,  p.  41,  collectively  referred  to  as  the  "Meekatharra  Mine." 

Darlot,  representing  the  "London  and  Perth  Explorers,  Ltd.," 
held  a  three  months'  option  over  90n^  and  seems  to  have  erected 
some  machinery.*  However,  the  return  of  47oz.  7dwt.  from  61  tons 
w^as  considered  unsatisfactory,  and  the  machinery  was  sold.  After 
being  held  as  the  "Centaur"  for  a  short  time,  the  Pioneer  ground 
was  taken  up  by  D,  Downie  and  the  richer  west  vein  discovered. 
The  ground  has  been  occupied  ever  since,  and  several  options  have 
been  held  over  it.  During  1905  or  1906  a  main  shaft  (12ft.  x  4ft.) 
was  sunk,  and  Cornish  lift  and  winding  gear  installed,  but  the  ma- 
chinery has  been  little  if  at  all  used. 

"N93"  was  taken  over  by  J.  Savage  in  1899  and  held  by  him 
for  13  years?  during  which  period  the  mine  was  twice  under  option 
and  twice  let  to  tributers.  In  1899,  the  field  had  been  practically 
abandoned,  and  for  three  wrecks  Savage  was  the  only  white  man 
left  at  Meekatharra,  but  his  first  crushing  (56  tons  for  116oz.) 
attracted  attention,  and  from  that  time  Meekatharra  has  not  looked 
back,  t 

The  Sweetheart  lias  been  occupied  at  various  times  during  the 
past  19  years. 

A  number  of  other  leases  have  been  pegged  in  the  neighbour- 
hood, the  most  productive  being  perhaps  that  originally  occupied 
by  J.  Savage  and  party  as  the  St.  George  (323n)  in  1900.  Work 
on  the  same  ground,  leased  in  various  ways,  was  continued  till  1912. 


*  Meekatharra  Miner,  An^just  14,  1909.       "^Meekathnrra  Miner,  August  28,  1909. 
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Table  showing  the  Yield  of  the  Pioneer  Lease. 


Year. 

iSJame  and  JNumber  oi  Lease. 

Ore 
crushed. 

Gold 
therefrom . 

tons. 

oz. 

1895 

Meekatharra,  90N   

61  00 

39-44 

1900      . . 

The  Centaur,  272n  

99- 00 

75-72 

1901 

Pioneer,  372n  

283-00 

216-30 

1902 

Do.   

888-75 

850-03 

1903 

Do.   

1,124-50 

1,724-45 

1904      . . 

Do.   

967-00 

746-33 

1905      . . 

Do.   

79-50 

33-20 

1907 

Do.   

80-00 

30- 15 

1908      . . 

Do.   

103-50 

172-42 

1909      . . 

Do.   

1,007-00 

1,061-52 

1910 

Do.   

907-00 

580-94 

1911 

Do.   

463-94 

445- 10 

1912  .. 

Do.   

205-39 

67-82 

1913 

Do.   

137-50 

59-79 

1913 

Do.   

*27-64 

1914  .. 

Do.   

*313 

1914      . . 

Do.   

270-10 

74-82 

Total 

6,677-18 

6,208-80 

Dollied  and  specimens. 


Table  showing  Ihe  Yield  of  the  Sweetheart  Lease. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

Silver 
therefrom. 

1901 
1903 

1904 
1908 

1909 

1910 

Little  Sweetheart,  293n  . . 
Pioneer      South,  426n 

(former  293n) 
do.  do. 
Sweetheart,  789n  (former 

426N) 

Pioneer      South,  866n 
(former  789n) 
do.  do. 

tons. 

22-50 

47-00 

111-00 

27-00 
16-50 

oz. 

12-20 
41-80 

82-83 
*78-52 

7-16 

16-19 

oz. 
3-00 

Total 

224- 00 

238-70 

8- 00 

*  Dollied  and  specimens. 
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Table  shoving  the  Yield  of  the  iV93  Lease. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1898  . . 

1899  . . 

1900  . . 
1901 

1902  . . 

1903  . . 

1904  . . 

1905  . . 

1906  . . 
1907 
1908 
1908 

1909  . . 

1910  . . 
1911 
1912 

Meekatharra  South  Block,  93N 
N93  93n 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 
Do.  do. 

Total           ..  .. 

tons. 
53  00 
72-00 
11000 
753-00 
580-00 
593-50 
37-00 
469-50 
435-00 
811-50 
\  509-00 

^  l,07i-00 
661-50 
308-36 
112-70 

oz. 
135-60 
110-40 
129-66 
482-19 
310-70 
161-01 

40-68 
163-00 

95-93 
272-41 
176-61 
*36-47 
478-53 
594-41 
220-98 

38-16 

6,577-06 

3,446-74 

*  Dollied  and  specimens. 


Table  showing  the  Yield  of  the  St.  George  Lease. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

tons. 

oz. 

1901 

St.  George,  323n   

142-00 

64-62 

1902      . . 

Do.   

82-00 

53-16 

1903 

Do.   

142-75 

59-96 

1904      . . 

Do.   

220-00 

72-72 

1905      . . 

Do.   

34-00 

18-09 

1907      . . 

St.  George,  710n  (former  323n)  .. 

399-00 

117-33 

1908      . . 

Recovery,  803n   

214- 00 

48-66 

1909      . . 

Do.   

30- 00 

3-27 

1910      . . 

Radium,  989n  

48-00 

5-87 

1911 

Do.   

69-95 

45-83 

1912      . . 

Do.   

40-57 

76  00 

Total   

1,422-27 

565-51 
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Table  shoicing  the  Held  of  the  Pioneer  Block  Lease. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1901 
1901 
1902 
1903 

1904      . . 

1908 

1909 

1909      . . 

1910 
1910 
1911 

Pioneer  Block,  373n  

Pha?nix  No.  1,  402n  

Do.   

Do.   

Do. 

Ucciclental,  oo2^ 

Do.   

Pioneer  Continuation,    890n  (former 
402n) 

Do.              do.  do. 
Pioneer  North  Leases  743n,  832n,  890n 
Do.                do.  do. 

tons. 
10- 00 
22-00 
62-33 
50-00 
43-75 
19-  50 

300-00 
35-00 

75-50 
62-00 
13-37 

oz. 
6-70 

13-  32 
75-05 
26-69 
51-33 
12-23 
60-89 
17-40 

16-53 

14-  77 
4-20 

Total   

693  45 

299  11 

The  total  output  from  the  Pioneer  Group  to  the  end  of  1914  is 
thus  1.3,.-593.9G  tons  for  10,758.86  fine  ounces. 

2.  Geologii.  (a)  Countri/.  (i)  "Greenstones/' — As  a  rule 
these  rocks  are  too  weathered  to  yield  much  information.  Two  types, 
one  of  peridotitic,  the  other  of  doleritic  origiu,  are  present. 

Of  the  peridotitic  rocks,  which  prevail  in  the  most  important 
workings,  two  varieties  are  distinguished.  The  more  frequent  is  a 
strongly  sheared  talcose  and  chloritic  rock  similar  to  the  ''Black 
Schists"  discussed  in  dealing  with  Paddy's  Plat  Belt.  The  other 
variety  occurs  at  the  north  end  of  the  Group:  [3I4]  and  509c 
from  shaft  1,  and  the  State  Battery  Well,  are  fibrous  chloritic  ser- 
])entines  rather  distinct  from  the  Paddy's  Flat  rocks.  Tlie  two 
varieties  of  peridotitic  rocks  from  this  Group  probably  differ  oidy 
in  tlie  amount  of  shearing'  whicli  they  have  undergfone. 

'I'wo  varieties  of  the  doleritic  rocks  are  also  present — a  fine 
chloritic  slaty  rock  and  a  coarser  "flecked  schist."  These  are  very 
siinilar  to  tlie  "chloritic  slates"  and  "flecked  schists"  described  from 
the  Queen  of  I  lie  Hill  and  I'oinid  outcroppinu'  west  of  that  mine. 

It  is  hardly  necessary  to  say  that  in  this,  as  in  most  other  eases, 
the  bonndai'ies  ma|)i'ed  are  supi)()rted  by  clear  evidence  only  where 
tlicN'  traxcrsc  mine  \\(»i'kings. 

(ii)  (Iranile-Porphjirji.    The   extent    of  Pioneer   Dyke  is 

shown  on  llie  |>lan,  and  needs  no  desci'i  |  •!  ion.  In  most  places  th(» 
por|  Iiyry  is  kaolinised.  Imt.  fi'om  llie  dee|)ei-  workings,  fairlv  fi'esh 
specimens  ( !  and  ^  ' )  ^^  ^'i*'  <>'><J'iiieil.  I^'urthei-  desci-iplions  of 
the  oecnrrerice  and  shnelni-e  ol'  this  ro<d<  will  be  found  in  Chai)te)'s 
1\'.  (pa-e  58)  and  \' I  I .  (  pa-es  2'2S-:{0) , 
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(iii)  Relation  heliveen  Porphyry  and  Greenstone. — The  sheared 
greenstones  near  the  porphyry  show,  in  the  weathered  zone,  the 
same  bleaching'  and  green  stain  as  do  those  bordering  on  the  Paddy's 
Flat  Dyke.  In  the  east  drive  off  sliaft  34  there  is  a  clear  line  of 
contact  between  the  two  rocks,  the  schist  being  silicified  and  there 
being  a  very  irregular  deposit  of  quartz  along  the  boundary.  The 
same  type  of  contact  is  seen  in  shaft  35. 

{h)yeins. — The  porphyry  is  intrusive  into  the  greenstone,  but 
both  rocks  are  traversed  by  veins  which  represent  the  last,  most 
acid  part  of  the  porphyry  mag-ma,  squeezed  out  after  the  bulk  of 
the  rock  had  solidified.  The  porphyry  has  been  faulted  along  one 
of  these  veins  in  the  Pioneer  Continuation  workings  (Shafts  14 
to  17). 

Most  likely  all  the  quartz  veins  of  tiie  group  are  of  this  type, 
althong-h  the  actual  origin  in  the  i^orphyry  of  some  of  the  most  im- 
portant cannot  be  proved. 

On  tlie  Pioneer  are  three  main  veins — -the  West,  Middle, 
and  East.  Xearly  all  the  gold  has  come  from  the  West  and  Middle 
Veins.  They  probablv  join  between  shaft  2  and  the  open-cut,  the 
junction  causing  the  big  "blow,"  part  of  which  has  now  been  re- 
moved, but  which  ])robably  measured  50ft.  x  200ft.  at  the  surface 
and  included  two  quartz  lenses.  This  junction  is  also  resjionsible 
for  the  shoot  mined  from  the  surface  to  the  170ft.  level. 

Underground,  these  two  veins  vary  in  thickness  from  a  few 
inches  to  9  or  10  feet  (north  end  of  West  Vein  at  107ft.).  Both 
thin  southwards,  and  the  Middle  Vein  dies  out,  or  is  cut  off  by  a 
strike  fault  at  its  north  end.  Both  dip  east,' the  West  Vein  steeply, 
but  the  Middle  at  low  angles,  becoming  nearly  flat  at  the  bottom 
level  fFig  47),  where  it  is  joined  by  a  5ft.  vein  dii:)ping  east  at  15° 
and  carryiug  all  the  quartz  below  that  level.  The  Middle  Vein  is, 
moreover,  displaced  by  a  strike  fault  at  about  the  100ft.  level.  Pos- 
sibly a  steeper  branch  of  tliis  vein  has  been  missed  at  about  150ft. 

The  West  Vein  is  composed  of  blue,  the  Middle  Vein  of  "sug- 
ary" quartz. 

Since  this  survey  was  made,  payable  quartz  has  been  found 
two  chains  east  of  the  main  workings,  probably  on  a  brancli  of  the 
East  Vein. 

Besides  the  above,  a  number  of  small  a]iparently  valueless 
quartz  bodies  are  found  in  the  main  workings. 

On  the  "Sweetheart"  the  workings  near  shaft  13  follow  veins 
dipping  east  at  about  50°  and  similar  to  tliose  of  the  Pioneer. 

Shafts  14  to  17  are  mainly  concerned  witli  a  small  vein  of  bluisli 
quartz,  which,  cuttinii'  througli  ])ori)hyry  and  schist,  carries  high 
values  in  the  schist   for  a  short  distance,  being  particularly  rich 
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SECTIONS      THROUGH    MAIN  WORKINGS 

PIONEER  C.  M.  90" 

MEEKATHARRA  DISTRICT 
EdeCCiarKe.  Fieia  Geologisr 


1.  (Jross  acctioii  alonj;  lino  AB.    (Soo  i)lan.) 

2.  lionj^iliuliiinl  seel  ion  of  West   \'cin,  showing  sto|)inji. 
liOii^iliidiii.-il  scclioii  of  Middle  N'cin,  sliowinfr  st()|»in}T. 
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where  small  leaders  enter  it — nearly  always  on  the  hanging-wall 
side.  There  are  numerous  puggy  partings  in  the  vein,  said  to  carry 
as  high  values  as  the  quartz.  At  the  94ft.  level  the  vein  is  two  feet 
wide  and  is  said  to  have  yielded  a  crushing  averaging  lOdwt.  to 
the  ton.* 

The  workings  in  the  south-east  part  of  the  "Sweetheart"  are 
on  a  similar  quartz  vein,  but,  underlying  it,  is  a  pug  seam  in  which 
are  embedded  large  quartz  crystals.  Crystalline  gold  is  said  to  have 
occurred  in  this  deposit,  Avhich  yielded,  according  to  report,  a  small 
crushing  averaging  26dwt.  to  the  ton. 

The  productive  workings  of  N93  may  be  separated  into : — 
(i.)  Those  off  shafts  32  and  33,  on  two  small  veins  striking 
through  the  porphyry  in  a  N.N.W.  direction;  these  are  said  to 
have  yielded  erushings  averaging  25dwt.  to  the  ton,  down  to  the 
"68ft.  level"  (only  about  40ft.  below  the  surface,  the  measurement 
being  taken  from  the  higher  ground  at  shaft  1),  and  are  the  only 
cases  in  this  group  of  veins  being  to  any  extent  productive  in  the 
porphyry. 

(ii.)  The  main  workings,  which  have  produced  the  bulk  of  the 
gold,  exploit  parts  of  a  vein  in  places  approximately  50  feet 
wide,  which  would  appear  from  its  size,  close  relation  to  the  por- 
phyry, and  the  presence  of  interstitial  kaolin  to  be  a  very  acid 
phase  of  the  porphyry.  It  has  not  been  possible  to  obtain  any 
account  of  the  distribution  of  gold  in  this  vein,  but  it  would  ai^jiear 
to  have  been  patchy.  The  stope-section  indicates  a  south-i)itching 
shoot  (Fig.  48). 

Of  this  great  vein,  worked  from  the  surface  to  88  feet,  no  re- 
presentative exists  at  the  150ft.  level  exce]:>t  an  apparently  value- 
less 3ft.  seam  of  quartz  found  in  places  at  the  contact  of  schist  and 
porphyry. 

The  workings  on  93n,  north  of  those  just  described,  lie  almost 
entirely  in  the  porphyry,  and  seem  to  have  been  unproductive. 

On  the  Pioneer  No.  1  most  of  the  workings  are  near  the  junc- 
tion of  three  veins — two  running  generally  parallel  to,  and  one 
across,  the  prevailing  strike  of  the  greenstones.  These  veins  dip  at 
40°  to  60°  to  the  east  and  south  and  are  nowhere  more  than  three 
feet  thick.  The  quartz  is  like  that  of  the  West  Vein  of  the  Pioneer. 

B. — Future  of  the  Pioneer  Group. 

Considering  the  good  yields  obtained  from  small  veins  cutting 
through  porphyry  and  greenstone,  prospecting  along  the  contact  of 
the  two  rocks,  largely  ignored  in  this  group,  is  certainly  warranted. 
This  is,  however,  unlikely  to  result  in  the  finding  of  anything  more 
than  small  rich  veins.  To  obtain  larger  bodies  of  payable  quartz 
the  most  obvious  course  is  to  explore  further,  both  by  drives  and 


*  See  also  Fig.  58. 
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winzes,  t]ie  junction  of  the  West  and  Middle  Pioneer  veins,  and 
drive  south  from  shaft  3  towards  rhe  main  workings  along  the  West 
Vein.  Further  horizontal  prospecting,  both  by  driving"  and  cross- 
cutting  m  the  main  workings  of  N93,  is  also  a  reasonable  proposition 
for  those  in  search  of  large  bodies  of  low-grade  ore. 


06 
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YIL-(XORTH  SECTION  OF  PADDY'S  FLAT. 

A. — New  Orleans  Group  (Fig.  49). 
1.    History,  etc. — This  group,  situated  about  three-quarters  of 
a  mile  south  of  the  68-mile  post  on  the  Peak  Hill  Road,  is  geo- 
gTaphieally,  if  not  geologically,  the  most  northern  working  on  the 
Paddy's  Flat  Belt. 

J.  Saddington,  who  first  held  the  New  Orleans  (G.M.L.  624n) 
in  1905,  and  was  led  to  prospect  here  by  getting  gold  m  floaters, 
took  out  a  few  small  crushings.  The  lease  was  afterwards  held  by 
other  parties,  but  neither  it  nor  its  neighbours  yielded  anything  of 
importance. 


Talle  shoicing  the  Yield  of  the  New  Orleans  Group. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom . 

1906 
1907 

New  Orleans,  624n 

Do.   

tons. 
27  00 
65-50 

oz. 

12-82 
22-50 

Total   

92  50 

35  32 

2.  Geology. — Porphyry  apparently  occupies  the  western  side 
of  the  lease.  This  rock  is  everywhere  decomposed  to  a  wiiite  clay, 
carrying  man\'  irregular  quartz  stringers. 

East  of  the  porphyry  an  altered  peridotrtic  rock  of  the  Paddy's 
Flat  type  is  encountered.  In  places,  however,  it  passes  gTadually 
into  a  rock  [gir]  which  appears  to  be  fragmental.  Tins,  which  is 
described  in  Chapter  VII.,  may  be  called  a  pseudo-breccia,  because 
by  this  term  attention  is  drawn  to  the  fragmental  appearance  of  the 
rock — an  api;earance  which  can  often  be  recognised  in  hand  speci- 
mens. 

The  gold-bearing  vein  strikes  N.N.W.,  dips  S.W.  at  about  70°. 
is  seldom  more  than  nine  inches  thick  and  is  of  white  glassy  quartz, 
containing  a  good  many  flakes  of  fuchsite.  This  vein  lies  alto- 
gether in  the  "pseudo-breccia"  and  seems  to  die  out  as  it  approaches 
the  porphyry. 

Another,  apparently  unpayable,  vein  with  a  more  westerly 
strike,  has  also  been  located. 

B.— IIalcvox  Gnoup  (PI.  XIII.,  Sheets  2  and  4). 
1.    History,  etc.- — The  Halcyon  Group,  lying  just  north  of  the 
Commodore,  should,  owing  to  geological  differences,  be  described 
separately  from  the  latter. 

(5) 
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The  Halcyon  Lease  (SISn)  was  pegged  in  January,  1900,  by 
J.  MeNab  &  W.  A.  Vickers,  passed  through  various  hands,  and  is 
still  being  worked.  Most  of  the  gold  from  this  lease  came  out  of  a 
large  open-cut,  which  followed  the  lode  down  to  40  feet  or  more. 

The  adjoining  ground  to  the  north  was  held  as  the  "Albion"  by 
a  Cue  Syndicate  in  1900,  as  the  "Democrat"  in  1902,  as  the  "Des- 
pot" in  1904,  and  as  the  "Halcyon  Extended"  since  1905. 


Fig.  49 


In  1910  ;iii(l  1911  llic  "Democrat  Oplious"  Syiidicale  sank  a 
1  lire(!-c()m))ail meiit  shall,  (!(|uipped  with  |)()p|)elt  legs  and  a  winding- 
engine,  fo  2()0t*l.  a.nd  dnjve  4M()n.  soulli  on  lh(»  lode,  which  main- 
tained its  width,  hut  wjis  unpayal)h'  in  the  opinion  of  the  syndicate. 


131 


An  unsuccessful  attempt  was  made  in  1912  to  form  a  company 
locally,  and  continue  the  work  southwards,  where  it  was  thought  tht. 
shoot  of  gold  in  the  open-cut  would  be  found. 

The  Halcyon  and  Halcyon  Extended  have  latterly  been  worked 
separately  by  small  parties. 

Leases  were  formerly  talven  up  north  of  the  Halcyon  Extended, 
but  little  work  was  done  and  the  northern  continuation  of  the 
Halcyon  Lode  has  not  been  found. 

The  St.  Francis  (applied  for  in  1908  by  J.  Savage  and  J.  F. 
Butler)  and  Commodore  North  (applied  for  in  1899  by  D.  McCallum 
and  J.  F.  Butler),  have  been  the  scene  of  many  attempts  to  find  the 
continuation  of  the  Commodore  Lode.  A  large  "formation"  carry- 
ing gold,  but  not  in  i  ay  able  quantity,  has  been  located. 


Tahle  shoicing  the  Yield  of  the  Halcyon  Group. 


Name  and  Number  of  Lease. 


Halcyon  North,  318n  . . 

Do.   

Halcyon,  313n  

Do.   

Do.  ..... 

Albion,  337n  

Halcyon,  313n  . . 
Democrat  (former  337n),  425n 
Halcyon,  313n  , . 
Democrat,  425isr 
Halcyon,  313n  

Do.   

Do.   

Halcyon  Extended  (former  425n),  635n 

Halcyon,  313n  

Halcyon  Extended,  635n 

Halcyon,  313n  

Halcyon  Extended,  635n 
St.  Francis,  77 3n 

Halcyon,  313n  

Halcyon  Extended,  635n 
8t.  Francis,  773n 

Halcyon,  313n  

Halcyon  Extended,  635n 

Do.   

Do.   

Commodore    North    (former  619n), 
1201N 

Halcyon,  1228n   

Halcyon  Extended,  635n 

St.  Frances,  1257N   

Total   


Ore 

Gold 

crushed. 

therefrom. 

tons. 

oz. 

30- 00 

47-66 

77-25 

41-59 

23- 00 

46-40 

*2-ll 

304-25 

214-65 

25-00 

8-77 

181-50 

198-76 

142  00 

108-71 

462-25 

162- 07 

423-50 

99-18 

-  254-75 

247-72 

384-50 

136  01 

401-00 

124-39 

78-00 

22-70 

742-00 

137-73 

153-00 

320-16 

73-50 

21-39 

82-00 

206-45 

212-00 

43-90 

55-00 

1703 

203-50 

11610 

246- 00 

25-64 

580-00 

109-56 

105- 00 

57-16 

16-00 

12-61 

245-00 

222-59 

16-00 

4-64 

13-00 

22-97 

280-00 

94-02 

34-00 

6-42 

5,843  00 

2,879  09 

*  Dollied  and  specimens. 
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2.  Geology — (a)  Country;  (i)  Flecked  Schists. — The  rock  ex- 
posed in  the  shallow  western  workings  is  yellow-bvown  and  rarely 
shows  signs  of  schistosity.  However,  examination  of  the  sides  of 
shaft  XII.  from  surface  to  bottom  (at  87ft.)  shows  that  the  yellow 
imsh eared  rock  results  from  weathering  of  the  sheared  dolerites  or 
flecked  schists  (page  69)  and  this  portion  of  the  gToup  has  been 
mapped  accordingly. 

(ii.)  Black  Carbonate  Bock.- — East  of  the  West  Lode  the  rocks, 
though  usually  much  weathered,  are  pretty  certainly  the  Black  Car- 
bonate Rocks  of  peridotitic  origin,  which  will  be  mentioned  fre- 
quently later.  Usually  they  are  sheared,  but  in  the  small  shafts  on 
the  Halcyon  East  "(4S5]sr)  are  unsheared. 

(b)  Lodes — (i.)  West  Lode. — This  extends  for  30  chains  from 
the  north  boundary  of  the  Commodore  G.M.L.  to  the  north  boundary 
of  the  Commodore  North  Extended. 

In  its  southern  part,  this  body  (which  has  yielded  small  quan- 
tities of  milling-dirt — for  example,  from  the  30ft.  level  shaft  L, 
shaft  Y.,  and  30ft.  and  53ft.  levels,  shaft  VIII.),  is  a  fine-grained 
yellow  or  sometimes  bleached  rock  with  small  irregular  quartz 
stringers  which  are  said  to  carry  all  the  gold.  In  its  northern  part 
it  narrows  to  a  few  stringers  (or  only  one)  from  which  in  shafts  XI., 
XIII.,  and  XIV.,  a  small  amount  of  ore  has  been  won. 

The  West  Lode  is  thus  merely  a  zone  of  country  more  abund- 
antly impregnated  with  quartz  than  is  usual.  Unfortunately,  on 
Plate  XIII.  it  has,  owing  to  the  conventions  of  geological  mai)piiig, 
acquired  a  prominence  of  which  it  is  altogether  unworthy. 

(ii.)  East  Lode. — This  body  is  ascertained  to  extend  from  shaft 
II.  (Commodore  North)  to  shaft  N,  beyond  the  Halcyon  Extended 
— a  distance  of  about  21  chains. 

At  the  south  end  (Shaft  II.)  is  found  a  dyke  of  light -coloured 
granite-like  rock,  whicli  detailed  examination  ])roves  to  be  a  platy 
atbite  porphyry  (346c  and  73r))  (see  Chapter  VII.,  page  225). 
Specimens  taken  across  this  dyke  vary  much  in  compositi(Ui.  This 
rock  is  said  to  yield  gold  in  small  quantities.  The  poridiyry  near 
the  north  end  of  the  Commodore  G.M.  shows  some  similarity  to  this 
rock  and  is  probably  its  southern  extension. 

At  the  north  end,  the  Halcyon  Extended  workings  follow  a  dyke 
(Fig.  22)  which,  when  went lici-cd,  agrees  in  general  api)eai'ance  with 
that  just  described,  ])nt  when  unoxidised  is  a  iiUMlinm  or  coarse- 
grained dark  green  pyi'itic  lock.  Microscopic  exaininal  ion,  however, 
proves  this  to  be  a  chloritised  albile  |)ori)hyry  Tg^^]  resembling 
the  rock  from  the  south  end. 

In  ils  middle  poi'lion  Hie  Halcyon  workings— the  lode  where 
accessible,  though    too  decomposed    for  microscopic  examination. 
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shows  a  general,  but  not  close,  similarity  to  the  oxidised  ore  from 
the  north  and  south  ends.  There  is  no  record  of  its  character  in 
the  flooded  250ft.  level. 

Combining  field  position  and  petrologieal  evidence,  it  is  reason- 
able to  link  up  these  separated  occurrences  into  one  dyke  (the 
Halcyon)  of  chloritised  albite  porphyry. 

The  gold  produced  by  the  Halcyon  Group  has,  except  that 
yielded  by  the  flat  vein  between  shafts  A  and  C,  come  from  small 
quartz  stringers,  nearly  all  confined  to  the  porphyry  and  either  flat, 
or  else  transverse  to  the  dyke  and  dipping  steeply  north.  The  few 
wjiich  pass  out  into  the  black  carbonate  rock  are  said  to  be  richer. 
Between  shafts  A  and  G,  the  stringers  have  been  rich  and  numerous 
enough  to  render  payable  the  bulking  of  the  lode — as  in  the  open-cut 
and  the  "ball-room"  off  shaft  F  at  the  33ft.  level.  From  shaft  H 
northwards,  the  stringers  are  fewer  and  larger  and  are  followed  by 
small  stopes.  Here,  moreover,  tlie  dyke  has  divided,  but  the  branches 
are  only  10ft.  apart  and  are  not  distinguished  in  Plate  XIII.,  Sheet 
2.    The  small  exposure  in  shaft  X  shows  hardly  any  quartz  stringers. 

C. — Commodore  Group. 

Both  in  position  and  geology,  the  Commodore,  lugliston,  and 
Ingliston  Proi)rietary  Soutli  are  distinct  from  the  rest  of  Paddy's 
Flat.  Their  main  peculiarities  are  abundance  of  f uchsite-carbonate 
rock  witliout  a  corresponding  development  of  porphyry,  and  the 
contrast  offered  by  their  ore-bodies  in  position  and  direction  of 
strike  and  dip  to  the  Paddy's  Flat  lodes. 

Commodore  G.M.  Co.,  X.L.  (G.M.Ls.  -197^-  and  1041n),  (Plate 
XIII.,  Sheet  4,  and  Plates  XIV.  and  XV.). 
1.  History,  etc. — A  rich  vein  was  found  in  1S99  on  the  present 
Commodore  Lease  by  a  prospector  named  McNab,  who,  through  not 
using  pegs  of  the  statutory  size,  had  to  forfeit  his  claim  to  G.  Dennis. 
This  was  the  first  discovery  of  gold  on  the  Paddy's  Flat  Belt.  Of 
the  two  leases  held  by  the  Commodore  Co.,  T.  Martin,  in  August,  1909, 
applied  for  the  Commodore  West,  which  was  bought  by  the  Com])any 
from  the  later  occupant,  J.  Cordner,  in  July,  1910,  from  whom  they 
also  bought  the  Commodore,  which  had  been  applied  for  in  April, 
1905,  and  covered  part  of  the  ground  formerly  occupied  by  2S3n 

("Commodore,"  J.  Judge,  G.  Dennis  and  others),  284n  ("Commo- 
dore North,"  same  lessees),  and  3S4n  ("Clean  Sweep,"  N.  G.  Car- 
berry  and  J.  Beachem),  leases  which  were  all  taken  up  between  1809 
and  1901. 

Although  before  1901,  in  addition  to  the  small  quartz  vein 
originally  found,  the  eastern  lode  of  the  Commodore  had  been  recog- 
nised, most  of  the  prospecting  seems  to  have  been  done  by  Cordner 
and  party. 
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In  July,  1010,  the  Commodore  G.M.  Co.,  N.L.,  was  formed.  It 
was  only,  however,  in  April,  1912,  that  the  battery  (purchased  from 
the  Karangahaki  Mines,  Ltd.)  and  cyanide  plant  began  work. 


Table  showing  the  Yield  of  the  Commodore  Ore-bodies. 


Name  and  Number  of  Lease. 


Ore 
crushed. 


tons. 

oz. 

1900      . . 

Commodore 

and  Commodore 

North, 

11800 

356-23 

(283n)  and  (284n) 

Bo. 

do. 

0.0. 

9Q7.  9^^ 

QPi7 .  1 
VO 1    L  > 

1902      . . 

Do. 

do. 

do. 

227-25 

461-97 

1903 

Do. 

do. 

do. 

613-50 

362-80 

1904      . . 

Do. 

do. 

do. 

519-75 

315-71 

1905      . . 

Do. 

do. 

do. 

86-00 

253-69 

1906      . . 

Do. 

do. 

do. 

11300 

262-50 

1907 

Do. 

do. 

do. 

11700 

303-42 

1908      . . 

Do. 

do. 

do. 

128-00 

307-37 

1909      . . 

Do. 

do. 

do. 

54-00 

141-73 

1912 

Commodore 

G.M.  Co.,  N.L., 

597  N, 

8,321-00 

2,543-64 

1041N 

1913  .. 

Do. 

do. 

do. 

11,070-00 

3,639-74 

1914  .. 

Do. 

do. 

do. 

9,020-00 

3,320-55 

Total 

30,684  75 

13,226  50 

2.  Equipment. — The  winder  and  Worthington  pump  are  sup- 
idied  with  steam  from  a  Cornish  boiler. 

The  10-head  mill,  3  drill-compressor  and  dynamo  are  driven  by 
two  (50  h.p.  and  52  h.p.)  Hornsby  gas-engines,  gas  being  su})plied 
by  a  Commonwealth  wood  producer. 

Water  from  the  three  upi^ier  levels  is  i)umi)ed  out,  that  from 
No.  4  level  is  baled.  About  20,000  gallons,  mainly  from  the  west 
lode,  comes  from  the  mine  every  24  hours  and  is  ami)le  for  all  re- 
({uirements. 

The  ore  is  trucked  a})()ut  40  yards  from  the  moulh  of  (he  sluvft 
to  the  rock-breaker. 

Further  details  of  treatment  are  given  in  Chapter  II. 

It  is  stated  that  on  November  30,  1914,  13,()()0  long  tons  of 
climes  of  average  value  15s.  4d.  had  been  nccuinuhded  for  further 
treatment. 

Costs  per  long  Ion  including  mining,  1  i-cat nient ,  and  I'eali/at ion 
of  l)iillion,  averaged  foi-  the  year  ending  Noveinl)er  30,  191-1,  CI 
Is.  7d. 

.3.  (leolofjfi  (see  Phde  XV.)  — (a)  Counlri/;  (i.)  Talc-ChlorH c- 
darbonale  Uo(k.—  \i\  hand  specimens  this  rock  is,  when  unwealherd, 
generally  green  or  grey-green,  and  in  places  is  strongly  sheared. 
Its  riolciitic  origin  is  discussed  in  Cliapler  \'II.  (page  2()(i). 
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(ii.)  Fuchsitic  Bocks. — Hand  specimens  of  these  are  character- 
ised by  their  green  colour,  which  varies  in  brightness  according  to 
the  amount  of  fuchsite.  Typical  specimens  are  tinely  granular,  but 
near  the  tale-carbonate  rocks,  transitional  stages  are  common.  In 
places  on  the  No.  1  level,  the  rock  is  surj^risingiy  little  weathered, 
considering  its  highly  decomposed  state  west  of  the  East  Lode  at  No. 
3  level,  which  again  contrasts  with  its  freshness  east  of  the  East 
Lode  at  this  level. 

The  probably  doleritic  origin  of  tliese  fuchsitic  rocks  is  dis- 
cussed in  Chapters  IV.  and  A"II.  (page  272). 

(iii.)  Chloritic  Slates. — These  are  recognised  only  at  the  south- 
west end  of  No.  3  level.  In  hand  specimens,  they  are  rather  soft 
dull  greyish-green  slaty  rocks,  imperfectly  fissile.  Details  are  given 
on  pp.  70  and  259-61. 

(iv.)  Cliloritised  Albife-Porphyri/. — The  characters  of  this  rock 
[r5T'  aie] '  discussed  on  pp.  225-7,  indicate  relationship  to  the  Hal- 
cyon, rather  than  to  the  Paddy's  Flat  porphyry.  It  has  been  found 
only  on  No.  3  level,  where  there  is  a  mixture  of  fuchsite  rock  and  jior- 
phyry,  and  where  the  boundaries  are  by  no  means  as  clear  as  the  j^lan 
(Plate  XT.)  indicates.  A  white  clay  occurring  in  the  old  ''intermed- 
iate" level  below  No.  1  level  shows,  contrary  to  general  belief,  no  sign 
of  porjDhyritic  origin. 


(v.)  Chief  Determinations  of  Commodore  Bocks. — The  follow- 
ing statement  shows  the  petrological  determinations  of  most  of  the 
rocks  examined  from  this  mine : — 


Specimen 
Number. 

Locality . 

Determination. 

[xkl 

No.  .3  Level  . . 

Very  acid  phase  of  quartz  porphyry  magma. 

No.  4  Level  . . 

Quartz-carbonate-fuchsite  rock. 

Do. 

Chlorite-carbonate-albite(?  )quartz  rock . 

Do. 

Quartz-carbonate-albite( ?  )f uchsite  rock . 
Like  [2^4],  but  finer  grained,  partly  oxidised 
perhaps  albite  is  present. 

[lis] 

No.  3  Level  . . 

[Tfel 

Do. 

Quartz-carbonate-f uchsite-albite  rock . 

[tIo] 

Do. 

Chlorite-albite-carbonate-quartz  rock . 

Do. 

ruchsite-carbonate-chlorite-quartz-albite(?)rock 

[yk] 

No.  4  Level  . . 

Fine  granular  carbonate-f uchsite  quartz  rock. 

[1791] 

No.  3  Level  . . 

Talc-chlorite-carbonate  rock. 

Do. 

Chloritic  slate  veiy  finely  laminated. 

b^] 

Do. 

Chloritic  slate. 

[44] 
[335] 

Do. 

Sheared  chlorite-carbonate  rock. 

Do. 

Like  a  fuchsite  quartz  carbonate  rock  without 

the  fuchsite. 

Bo.  .. 

Highly  carbonated  albite  porphyry. 

[75d] 

No.  1  Level  . . 

Minutely  scaly  chlorite-talc  mass. 

[76d] 

No.  4  Level  . . 

Chlorite-carbonate-quartz  schist. 
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(b)  Ore-Bodies  and  Fissures.  — The  two  eliief  ore-bodies  are 
considerably  affected  by  several  cross-veins  and  faults. 

(i.)  The  West  Lode  lias  yielded  the  greater  quantity  of  shallow 
level  ore.  It  is  a  quartz  vein  deposited  along,  but  not  always  filling, 
a  fissure  which  is  parallel  to  the  shear-planes,  but  dins  west  steeply. 


Fig.  50. 


I'iK.tu.  i;.  (Ir  ( :.  (  lai  kc.  iNog.  1  1  li). 

Relation  between  Fuchsite  Rock  and  Schist,  Commodore  G.M., 
No.  4  Level,  north  end  (January,  1915). 
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At  places  in  No.  2  and  3  levels,  it  is  tlionght  to  divide.  At  the  sonrb 
end,  the  fissure,  wliicli  has  been  followed  for  some  distance  in  the 
slates,  is  poorly  defined  and  is  indeed  probably  displaced  by  the 
sonth  fault  (see  below).  The  wrong"  ^^track"  has  been  followed  north 
of  the  sulphide  spur  on  No.  3  level  and  results  have  been  unsatis- 
factory in  this  part  of  the  mine. 

fii.)  The  East  Lode,  which  is  a  quartz  vein  varying'  from  a 
few  inches  to  3ft,  in  thickness,  accompanied  by  many  stringer^;, 
which  net  the  country  {see  Figs.  50  and  51),  dips  west  at  angles 


Fig.  51. 


Photo.:  F.  de  C.  Clarke.  Neg.  1418. 

Fuchsite  Rock  netted  with  Quartz.    Same  locality  as  Fig.  50. 


varying  from  60°  to  80°.  In  No.  1  level,  those  jiarts  of  it  explored 
lie  in  the  talc-carbonate  rock,  but  in  No.  3  level,  it  is  partly  in  the 
fuchsite,  partly  in  the  transitional  rock,  and  the  bulk  of  the  ore  has 
come  from  the  parts  enclosed  by  the  latter,  although  dabs  of  iiayable 
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ore  have  been  found  in  fiichsite  country.  In  No.  4  level,  the  East 
Lode  lies  at  the  junction  of  fuchsite  and  talc-carbonate  rock  and  is 
very  patchy. 

(iii.)  Cross  Veins  and  Fissures. — The  South  Fault  strikes  about 
10°  W.  of  N.  and  dips  east  at  80°  or  more.  It  is  seen  crossing  the 
east  lode-channel  at  levels  1,  3  and  4,  and  probably  cuts  the  West 
Lode-fissures  at  No.  1  level  as  sho^vTl.  The  continuation  of  the  ore- 
bodies  south  of  this  fault  has  not  been  satisfactorily  located,  and 
in  No,  3  level  values  are  said  to  disappear  20  feet  north  of  it. 

The  Main  Spur  is  a  small  quartz  vein  which  abuts  on  the  East 
Lode  at  45ft.  south  on  No.  3  level  and  gave  rich  values  above  that 
level,  but  the  shoot  constantly  narrows  and  probablj^  does  not 
exist  much  above  No.  1  level,  nor  has  it  been  found  at  No.  4.  Its 
strike  is  at  right  angles  to  that  of  the  South  Fault  and  it  dips  N.W. 
at  40°  to  60°.  The  main  East  Lode  yields  but  little  gold  near  its 
contact  Avith  the  Main  Spur. 

Fourteen  tons  of  quartz  averaging  6oz.  per  ton  came  from  a 
very  small  spur  on  No.  3  level,  100  feet  north  of  the  Main  Spur. 

The  Sulphide  Spur  running  off  the  West  Lode  at  60  feet  north 
in  No.  2  level  has  been  worked  down  to  No.  3  level.  It  dips  north 
at  60°.  The  mixture  of  fuchsite  rock  and  ehloritised  albite  porphyry 
enclosing  this  vein  is  rich  in  pyrite,  hence  the  name. 

The  Spur  found  on  No.  1  level  about  120  feet  north,  strikes 
] parallel  to  the  main  bodies,  but  dips  east  at  70°  or  more. 

The  Branch  Vein  on  No.  1  level  at  about  300  feet  north,  results 
from  the  splitting  of  the  West  Lode  about  40  feet  above  the  level. 

The  North  Spur  is  probably  the  first  auriferous  body  found  on 
the  Paddy's  Flat  Belt,  and,  judging  by  the  earliest  returns  from  the 
Commodore,  was  rich. 

The  New  Spur  found  in  1914  lies  almost  wholly  in  decom]ioseil 
fnclisile  rock  and  dips  north  at  a  very  low  angle.  Like  the  other 
spnis,  it  was  rich,  but  small  in  extent. 

It  must  also  be  noted  tliat  "A"  shaft  (near  the  northern  bound- 
ary of  the  lease)  is  said  to  have  yielded  i)rosi)ecls  from  a  schistose 
rock.  The  mode  of  occurrence  is  said  to  resemble  that  of  the 
Tngliston  Extended  East  Lode,  of  wliich,  howcvei-,  it  is  not  the  con- 
linnation. 

The  In<)lislon  (i.M.  (IMales  XIIL,  Sheet  4,  and  Plates  XIV. 
and  XV.). 

1.  Ifislor/i,  clc-  P)iill(M-  and  pnrly  discovered  gold  on  the  In- 
gliston  ((i.M.L.  3(i3N)  in  U)00,  in  October  ol"  which  year  tiiey  applieil 
Cor  the  Iciise.  It  was  snhsciinent ly  held  I'or  a  short  time  by  another 
parly  iiiKhf  Mic  w.wur  ol"  "( \.nniiodoi-('  T.lock"  (r)r)r)N),    P.ntler  and 
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party  regained  possession,  and,  after  crushing  a  considerable  quan- 
tity of  ore  at  the  State  Battery,  erected  a  10-liead  mill,  which  began 
work  early  in  1915.  The  mill,  rock-breaker  and  accessories  are  run 
by  a  90-h.p.  Tangye  gas-engine  supplied  from  a  120-h.p.  Akroyd 
producer.    The  mine  is  also  provided  with  a  boiler  and  winder. 

Tailings  are  being  stacked  pending  erection  of  a  cyanide  plant. 

Although  work,  before  machinery  had  been  erected,  was  ham- 
pered by  inflow  of  water,  this  was  expected  to  be  insufficient  for 
the  plant,  and  the  mine  is  connected  with  the  Mmes  Water  Supply 
scheme. 


Tahle  sli owing  the  Held  of  the  Ingliston  Gold  Mine. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1901 
1902 

1903      . . 

1905  . . 

1906  . . 
1907 
1911 
1912 

1913  . . 

1914  . . 

Ingliston,  363n  

Do.   

Do.   

Ingliston,  555n  (former  363n) 

Do.  do. 

Do.  do. 

Do.  do. 

Do.  do. 

Do.  do. 
Ingliston  Leases  555n  and  1239n    . . 

tons. 
114- 00 
182-50 

50-50 
120-00 
119-00 

40- 00 
357-44 
132-95 
433-10 
610-85 

oz. 
224-04 
194- 08 

39-22 
609-54 
324-57 

88-71 
184-43 
209-71 
915-31 
969-38 

Total   

2,160-34 

3,758  99 

2.  Geology — (a)  Country. — The  only  recognisable  rock  in 
these  workings  at  the  time  of  the  writer's  visit  was  carbonate- 
fuehsite  rock  of  the  Commodore  type,  which  showed,  as  in  the 
Commodore,  alternating  decomposition  and  freshness  in  the  lowest 
(200ft.)  level.  In  the  upper  levels  it  is  highly  decomposed  in  the 
usual  way. 

(b)  Ore-hodies.  (i)  Main  Ore-body. — Like  the  Commodore 
East  Lode,  this  is  a  cjuartz  vein— at  the  north  end  a  system  of 
veins — which  varies  in  thickness  from  a  few  inches  to  three  or  four 
feet,  strikes  about  10°  west  of  north,  i.e.,  parallel  to  the  Com- 
modore's South  Fault,  and  dips  west  at  about  70°.  The  quartz  of 
the  Main  Ore-body  is,  like  that  of  the  Commodore  East  Lode,  dense 
and  white,  with  fuehsitic  inclusions. 

In  its  south  part  the  Main  Ore-body  runs  straight,  but  at  the 
north  end  several  veins  crossing  one  another  at  various  angles  have 
been  mined.  In  this  part,  the  ore,  though  occasionally  rich,  was 
erratically  distributed. 
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The  fairly  eontinnous  south  shoot  {see  stope-section,  Plate  XIV. 
— the  shoot  is  300  feet  long,  4  feet  wide,  and  is  said  to  average  12 
dwt.  per  ton)  is,  according  to  the  miners,  caused  by  the  numerous 
small  quartz  leaders,  which  cut  into  the  main  channel  from  the  west 
and  enrich  it. 

(ii)  East  Lode. — This,  which  has  been  opened  out  since  the 
writer's  visit,  has  the  same  character  as  the  Main  Ore-body,  but 
strikes  about  10°  east  of  north.  It  crosses  the  Main  Body  about  80 
feet  south  of  the  Central  Shaft,  is  probably  continuous  with  the 
Commodore  East  Lode,  and  may  be  expected  to  prove  the  most  im- 
portant and  persistent  of  the  Ingliston  ore-bodies, 

(iii)  Flat  veins. — No.  1  Flat  A^ein  was  found  in  smking  the 
Main  Shaft;  Xo.  2  has  been  discovered  siuce  the  writer's  visit. 

No.  1  strikes  about  N.  40°  E.  and  dips  N.W.  at  angles  of  be- 
tween 20°  and  30°.  No.  2  strikes  about  N.  60°  W.  and  dips  N.E.  at 
about  20°.  Usually  these  veins  are  only  a  few  inches  thick  and 
are  of  rather  glassy  quartz  containing  gTeen-stained  vughs.  Im- 
mediately surrounding  the  vein  is  a  green  sericitic  layer  which  is 
frequently  gold-bearing.  The  country  is  exceedingly  weathered 
fuchsite  rock.  In  about  six  i)laces  a  steep  or  vertical  head  runs 
dov;n  from  the  footwall  of  No.  1  vein  and  carries  very  rich  "face 
gold"  but  no  quartz  (cp.  Globe  G.M.,  p.  167). 

In  a  general  way,  the  Ingliston  Flat  Veins  are  similar  to  the 
spurs  at  the  north  end  of  the  Commodore  G.M. 

Ingliston  Proprietary  South  (1202x)  (Plate  XIIT.,  sheet  4.) 

1.  History,  etc. — This  lease  was  originally  pegged  (as  554n 
Ingliston  Central)  by  J.  F.  Butler  in  1904,  and  successively  held  by 
five  other  ]7arties.  S.  J.  Brosnan  was  in  occupation  at  the  end  ol;' 
1914.  The  work  done  on  the  adjoining  leases  to  the  west  and  south 
is  too  insignificant  to  call  for  notice. 

Table  showing  the  Yield  of  the  Ingliston  Proprietary  South  Leases. 


Year. 


Name  and  Nunil)or  of  Lease. 


Ore 
crushed. 


Cokl 
therefrom. 


tons. 


oz. 


1000 
1007 


Inj^liston  No.  2,  514n 

ri()injno(U)ro  Extondod,  CAWs 

Iii<rIiMloii  No.  2,  r)14N 

Ingliston  Xorf  li,  002n  (former  r)l4N)  .  . 


:}or)0 
:}2  00 
:}i  00 

10  - 00 


2L62 
3-99 
32-53 
25-05 


Total 


103  50 


83- 09 
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2.  Geology. — The  rocks  being  exceedingly  weathered,  field 
identifications  were  relied  on  for  mapping.  In  the  eastern  part, 
chlorite-carbonate  rock  of  doleritic  origin  and  fuchsite  rock  occur. 
These  give  place  in  the  west  to  chloritic  slates  and  flecked  schists 
like  those  of  the  Queen  of  the  Hill  Mine  (p.  168). 

The  workings  on  payable  quartz  (shaft  7)  were  put  down  after 
the  writer's  examination  of  the  locality.  They  are  reported  to  be 
on  a  flat  vein  similar  to  those  of  the  Ingliston  G.M. 

The  ''lode  material"  (small  irregular  quartz  stringers  forming 
a  network  in  the  coarse  gritty  decomposed  fuchsite  rock)  shown  on 
90ft.  level,  shaft  4,  is  said  to  have  given  a  crushing  averaging 
5  dwt.  per  ton. 


YIII.— MAIN  SECTION  OF  PADDY'S  FLAT  BELT. 

A  strip  about  two  miles  long  and  a  quarter  of  a  mile  wide, 
extending  from  the  JSIacquarie  North  (734n)  S.S.W.  to  the  Judy 
(925x),  constitutes  this  section,  from  which  376,560.18  tons  of  ore 
have  yielded  283,184.62  fine  ounces  of  gold.  Most  of  this  strip  is 
in  a  shallow  valley  near  the  head  of  a  watercourse  draining  ulti- 
mately into  Lake  Annean.  There  are  no  outcrops  of  any  significance 
— even  when  "Paddy"  Donovan  first  prospected  in  the  "Flat" 
named  after  him,  probably  no  rocks  except  boulders  of  quartz  and 
"ironstone"  were  to  be  seen. 

Between  the  south  end  of  the  section  under  discussion  and  the 
Globe  G.M.  is  a  tract  of  more  broken  country  in  which  are  some 
outcrops  of  recognisable  rock. 


A. — 'Macquarte  Leases  (915x  and  734n). 

(Plates  XIII.,  sheets  4  and  6,  and  XIV.) 

1.  IliHtori)^  etc. — This  ground — the  Macquarie  was  first  leased 
to  H.  Campbell  and  J.  A.  Osborne  in  September,  1903,  as  the  "Lost 
Cop"  (488x),  and  was  held  successively  as  the  "Brown  Hill"  and 
"Commodore  Brown  Hill"  by  other  parties — has  been  chiefly  ex- 
plored by  Kearns  Bros,  and  party,  who  took  up  the  two  leases  in 
1907  and  have  worked  them  almost  continuously  since.  In  1914  an 
Adelaide  syndicate  erected  poppet  legs,  winding  gear,  etc.,  sank  a 
new  main  shaft  to  210ft.,  and  cross-cut  to  the  lode,  but  then  stopped 
work. 
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Table  showing  the  Yield  of  the  Macquarie  Leases. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

tons. 

oz 

l^OSt   VjOp,  ^OOJN 

OO'  uu 

1  ft.  Aft 

Tin 
uo. 

uu 

Id..  A9 
i4t  U^ 

1904 

Brown  Hill    5'^'>Tsr  /^formpr  488isr^ 

1  'i-  00 

4-06 

IQOR 

X£7vU          .  . 

Commodore  Brown  Hill,  641n  (former 

1    .  on 
loo  uu 

Macquarrie,  728n  (former  641  n)     , . 

594-50 

io  /  411 

1908 

Do.  do. 

2  465 • 50 

450 -  43 

59-  00 

10-48 

Do. 

*7-63 

1909      . . 

Macquarrie,  728n 

99i-50 

172-79 

iviacquarrie,  iriojN  ^lormer  /zonj 

0\J  i  UU 

1  AO. 7 A 

1910     . . 

Do.             do.  do. 

1,222- 00 

152-41 

1911 

Do.             do.  do. 

1,310-88 

539-22 

1911  .. 

Macquarrie  North,  734n        . . 

*22-22 

1912 

Macquarrie,  915n 

572-25 

272-93 

Macquarrie  North,  734n 

26-25 

14-60 

1913 

Macquarrie,  915n 

Do.   

91-85 

32-26 
*2-07 

1914  .. 

Do.   

Do.   

1-69 
*3-63 

Total   

8,155-73 

2,006  88 

*  Dollied  and  specimens. 


2.  Geology.  (a)  Country,  (i)  Black  Carbonate  Bock. — The 
north  part  of  the  Macquarie  workings  is  in  black  (brown  when 
weathered)  rock,  so  clearly  massive  that  it  is  usually  mistaken  for 
dolerite  of  the  Ingliston  Extended  type.  It  is  traversed  by  joints 
and  shear-zones,  of  which  the  strongest  run  nearly  north  and  south, 
while  others  strike  across  them  obliquely.  Microscopic  examination 
proves  this  to  be  a  talc-chlorite-carbonate  rock  of  peridotitic  origin. 

(ii)  Sheared  Doleritic  Bocks. — The  extremely  weathered  rock, 
outcropping  and  underground  in  the  south  part  of  the  Macquarie 
Lease,  in  minute  structure  resembles  rather  rocks  of  doleritic  tlian 
of  peridotitic  origin. 

(I))  Lode.  —  'llu'  lode  may,  from  its  j^osilion  {see  PI.  XIII., 
sheets  4  and  6),  be  regarded  as  llio  conlinunliou  of  the  Ingliston 
Extended  Kast  (or  ^'Mud"  Lode.  It  is  uixhdy  |)rominent  on  IM. 
XIII.  (rj>.  Ilalcycm  West   \ah\v,  p.  l;5li). 

TIh'  bi-anching  is  shown  iieai'  the  south  sluiri  on  the  anthoi-ity 
of  the  owners.  No.  2  south  shaft  is  considei'cMl  by  tliein  to  be  on 
the  soiitli  edg(!  of  a  north-pitching  shoot. 

The  lode  usually  dijis  stee|)ly  east,  but  in  places  it  is  practically 
vertical,  and  in  olliei's  dips  west. 
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The  lode  material — everywhere  decomposed — is  brown  and 
gritty  and  not  unlike  a  fine-grained  variety  of  weathered  fuchsite 

Fig.  52. 


Sections  illustrating  Features  in  Workings  near  Meekatharra. 

1.  Globe  G.M. :  Eelation  of  veins  and  fuchsite  rock,    ^Scale:  8ft. 

-  lin. 

2.  Macquarie   G.M.:    Diagrammatic  cross-section  of  lode. 

3.  Globe  G.M. :  Supposed  structure  of  ore  body.  (Diagram.) 

4.  Gwalia  Extended  G.M.L. :   Shaft  F — three  groups  of  quartz 

stringers  united  to  form  a  rich  vein.  (Diagram.) 

5.  Gwalia  Extended  G.M.L. :   Shaft   H — Relation   between  flat 

vein,  porphyry,  and  fuchsite  rock.    Scale:  8ft.  =  lin. 
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rock.  Quartz  veins,  when  present,  are  very  small;  the  largest — 
6  inches  thick — is  on  the  hanging-wall  of  the  lode  just  south  of 
No.  1  North  Shaft. 

Most  consistent  values  are  said  to  be  along  the  footAvall,  where 
the  ore  is  redder  than  elsewhere.  Good  ore  is  also  found  frequently, 
but  not  so  consistently,  on  the  hanging-wall.  Between  hanging-  and 
footwall  lode-matter  is  a  zone  of  lower  grade  country  which  has 
almost  escaped  mineralisation. 

The  footwall,  which  is  the  most  clearly  marked  of  the  numerous 
shear-planes,  shows  many  irregularities,  in  places  becoming  the 
hanging-wall.  Moreover,  the  ore  cuts  into  the  country  along  minor 
joints,  so  that,  when  stoped  out,  a  stair-like  footwall  is  left  (Fig. 
52). 

B.    INGLISTON  North  G.M.L.  (514n)   (PI.  XIII.,  sheet  6). 

1. — History. — This  lease,  pegged  early  in  1904  by  J.  Fleming 
and  W.  Wallshaw,  and  worked  by  them  for  five  years,  is  now  held 
by  S.  J.  Brosnan. 


Fig.  53. 


2.  (ieoloijii.  (a,)  (Jounlri/.  (i.)  Flecked  Schist.— 'llund  speci- 
mens from  lliis  lease;  have  the  |)sen(l()-l)reccia  character  found  holh 
in  peridotilic  and  dolerilic  rocks  in  the  Belt,  but  arc  shown  by  Iheir 
micro-structure  lo  ho  dohn-itic.    Tliey  are  usually  strongly  sheared, 
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bi\t  whereas  in  the  78ft.  level  (shaft  J)  shearing  is  marked,  in  the 
bottom  level,  almost  directly  below,  the  rocks  appear  to  be  im- 
sheared.  As  the  flecked  schist  or  pseudo-breccia  nears  the  porphyry 
dy^e  it  becomes  brown  and  gTitty  and  stained  light  gTeen.  At 
greater  depth  this  altered  zone  would  probably  become  fuchsite 
rock.  On  the  eastern  side  of  the  porphyry  this  alteration  does  not 
take  place. 

(ii)  Dolerite. — In  the  east  cross-cut  (H  shaft)  a  spheroidally 
weathered  rock  is,  both  from  position  and  appearance,  to  be  re- 
garded as  the  Ingiiston  Extended  dolerite. 

(iii)  Porpliyry. — Tliis,  the  northernmost  occurrence  of  the 
Paddy's  Flat  Dyke,  is  irregular  both  in  plan  and  section*  (Fig.  53). 

(b)  Ore. — ^Any  ore  taken  from  this  lease  has  apparently  come 
from  a  small  Cjuartz  vein  lying  on  the  south-west  edge  of  the  por- 
phyry and  struck  at  40ft.  in  F  shaft. 

A  number  of  quartz  stringers,  probably  the  continuation  of  the 
Ingiiston  Extended  AVest  Lode,  are  met  in  the  crosscut  off  A  shaft. 
Xo  attempt  to  prospect  this  promising  occurrence  has  been  made. 


C.    IxGLiSTOx  ExTEXDED  Group.    (Pls.  XIII.,  shects  5,  6,  and  7, 
XIV.  and  XV.) 

The  Ingiiston  Extended  North  (437n),  New  Ingiiston  (529n), 
Ingiiston  Extended  East  (462n),  Ingiiston  Extended  (39Sn), 
Manchuria  (SSlx),  Ingiiston  United  (507n),  and  Ingiiston  South 
Extended  (520x)  form  this  Group.  Interest  centres  round  the 
workings  of  the  "Ingiiston  Extended  Gold  Mines,  Ltd.,"  which  holds 
398x,  437x,  462x,  529x,  847x,  881x,  and  1033n. 

1.  History,  etc.- — The  Eastern  ("Mud")  Lode  was  found  by 
Uriah  Wright,  who,  in  August,  1901,  with  others  pegged  the  Ingiis- 
ton Extended.  Most  of  the  early  work  seems  to  have  been  done  by 
C.  and  J.  Roberts,  who  worked  tlie  East  Lode  down  to  the  100ft. 
level  and  crushed  1,100  tons  for  1,000  oz.,  tailings  yiehling  an  addi- 
tional 16  dwt.  per  ton.  In  1905  the  Ingiiston  Extended  and  neigh- 
bouring leases  were  taken  over  by  the  Company,  wliich  l)y  tlie  end 
of  1906  had  a  10-head  mill  and  cyanide  plant — the  first  privately 
owned  treatment-plant  at  Meekatharra— in  operation.  In  1907,  the 
West  Lode,  which  had  been  discovered  close  to  the  surface  two 
years  before,  was  located  in  a  50ft.  shaft,  185  feet  west  of  the  Mud 
Lode.  To  mine  the  West  Lode,  avoid  the  dolerite  in  which  the  old 
main  shaft  had  been  sunk  in  1905,  and  catch  the  north-pitching 
shoots  of  the  Mud  Lode,  the  Faithful  shaft  was  then  sunk,  and  from 
it  all  mining-  has  since  been  conducted. 


*  The  porphyry  is  highly  decomposed. 
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Tlie  Ingliston  Extended  North  and  Ingiiston  Extended  Ease 
Avere  originally  taken  up  by  J.  A.  and  C.  M,  Roberts.  The  former 
lease  contains  nearly  all  the  Company's  later  workings. 

The  Manchuria?  part  of  which  had  been  previously  held,  was 
pegged  by  the  Company  in  1909,  and  has  since  been  unsuccessfully 
prospected  for  the  West  Lode. 

The  Ingliston  United,  first  leased  in  1904  to  W.  Hammond  and 
party,  passed  through  a  number  of  hands.  C.  M.  Roberts  and  party 
did  most  (J.  the  shallow-level  prospecting  and  defined  the  porphyry 
and  dolerite  dykes,  although  the  character  of  the  latter  was  not 
recognised. 

In  the  beginning  of  1911  an  option  held  by  S.  J.  Yeo  was  trans- 
ferred to  the  Oroya  Exploration  Co.,  Ltd.  During  these  options 
tlie  bulk  of  the  deeper  exploration  off  the  main  shaft  was  done. 
The  long  east  cross-cut  was  put  out  (after  failure  to  locate  any  body 
of  ore  on  the  east  wall  of  the  porphyry  by  Avinzing)  in  hope  of 
cutting  the  Ingliston  Extended  East  Lode. 

The  Ingliston  South  Extended  is  also  now  held  by  the  Oroya 
Exploration  Co.  It  was  first  prospected  in  1905,  and  the  chief  work 
(except  the  deep  cross-cut  already  mentioned)  appears  to  have  been 
done  by  W.  C.  Smith  and  party  in  1906  and  1907.  Small  veins 
only,  and  no  defined  ore-body,  were  found  in  the  peridotitic  rocks 
bordering  on  the  dolerite  dyke. 


Table  shoiving  the  Yield  of  the  Ingliston  Extended  G.M. 


Year. 

Name  and  Number  of  Lease. 

Ore 
csushed. 

Gold 
therefrom. 

1902 
1903 
1904 
1906 

1907 

1908  . . 

1909  . . 

1910  .. 
1911 

1912  .. 
1913 

1914  .. 

Ingliston  Ex.tended,  398n 

Bo.  do  

Do.  do.   

Ingliston  Ex,tended  G.Ms.,  Ltd.  (amal- 
gamated leases  398n,  437n,  462n, 
529n,  r)39N,  847n,  881n,  1033n) 

Do.               do.               do.    . . 

Do.                do.  do. 

Do.                do.  do. 

Do.                do.  do. 

Do.                do.  do. 

Do.                do.  do. 

Do.                do.  do. 

Do.                do.  do. 

tons. 
307  00 
854-25 
159-00 
7,773-00 

14,950-00 
16,81<)-00 
9,021-00 
8,531-00 
9,226-75 
7,008-20 
6,.590-00 
9,205- 00 

oz. 

340-27 
609-82 
156-37 
4,547-46 

6,280-34 
6,338-64 
4,025-94 
6,260-  67 
6,.546-98 
4,687-16 
3,665-56 
5,114-88 

90,441  20 

48,574  09 
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Table  shotting  the  Yield  of  the  Ingliston  United  and  Ingliston  South 
Extended  Leases. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom- 

1904  .. 

1905 

1907 

1908      . . 
1908      . . 

Ingliston  United,  507isr 

Do.   

Do.   

Do.   

Ingliston  South  Extended,  520n 

tons. 
70-25 
38-00 

176-00 
9-00 
10-00 

oz. 

72-40 
16-39 
48-96 
10-20 
10-60 

Total   

303-25 

158  55 

2.  Equipment  and  Treatment  on  the  Ingliston  Extended  Cx.M* 
—  Two  Cornish  boilers  supply  steam  for  the  winder  and  air-com- 
pressor. A  72  h.p.  Crossley  gas-engine  drives  the  10-head  mill  and 
a  38  h.p.  Hornsby  the  slimes  plant. 

The  battery  being  near  the  old  main  shaft,  the  ore  is  now,  after 
passing  through  the  rockbreaker  at  the  Faithful  shaft,  trucked  about 
100  yards  to  the  mill,  where  the  trucks  are  hoisted  and  emptied  into 
the  ore  bin. 

It  is  stated  that  there  is  no  reduction  in  residues  by  grinding 
finer  than  60-mesh.  From  the  grinding-pans  the  pulp  is  passed  over 
two  Wilfley  tables,  where  the  concentrates,  which  average  .8  per 
cent,  of  the  total  pulp,  are  collected. 

Sands  are  gi^'en  a  five  days'  percolation  treatment.  Slimes  are 
treated  in  a  filter  press. 

3.  Geology — (a)  Country. — The  rocks  of  this  group  show 
variety  in  structure  and  composition,  and  belong  to  three  gToups: — 

(i.)  Black  Schists. — These  rocks,  which  are  sheared  peridotites, 
predominate  in  the  east  part  of  the  workings,  and  in  them  occurs 
the  East  Lode.  Though  traversed  in  many  places  by  shear-planes, 
hand-specimens  are  generally  not  markedly  schistose.  They  re- 
semble the  black  carbonate  rocks  of  the  Macquarie,  without  the 
irregular  flecks  and  fragments.  Further  discussion  of  these  rocks 
will  be  found  in  Chapters  IV.  and  VII. 

(ii.)  Fuchsile-Quariz-C arhonate  Hacks. — These  are  also  dis- 
cussed in  Chapters  IV.  and  VII.,  and  their  distribution  in  the  Inglis- 
ton Extended  Mine  may  be  seen  in  Plates  XV.  and  XIX. 

(iii.)  Porphyry. — The  Paddy's  Flat  Porphyry  Dyke  is  well  ex- 
posed in  the  we.-.tern  workings  of  this  mine — its  course  is  shown  on 
Plate  XV.  Below  about  80ft.,  the  porphyry  has  in  the  northern 
workings  a  nearly  vertical  slickensided  eastern  face,  which  forms 

♦Further  detail  will  be  found  in  Chapter  II. 
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the  west  wall  of  the  West  Lode..  Above  the  80ft.  level,  this  face 
is  sliced  olf  by  a  fault,  mentioned  below. 

(iv.)  Dulerite. — Throughout  the  Ingliston  Extended  Mine,  this 
rock  is  in  contact  with  tlie  Black  Schists  along  an  almost  vertical 
plane.  Its  intrusion  was  later  than  the  shearing  period  and  the 
injection  of  gold-solutions.*  It  maintains  its  south-west  course  to 
shaft  C  (507n),  where  it  turns  Avest,  cuts  through  the  porphyry  and 
lode-channel  and  then  turns  south,  passing  through  the  Fenian  West 
(C'63x),  and  is  last  seen  in  No.  3  shaft  of  962n.  Throughout  its 
length  the  dolerite  has  only  been  found  outcropping  in  tliree  or 
four  places,  in  all  of  which  it  is  exceedingly  weathered — -as  also  are 
the  underground  specimens  on  the  microscopic  character  of  whicli 
its  extension  through  the  Fenian  West  to  962n  has  been  mapped. 
The  mapping  of  this  part  of  its  course  is,  therefore,  doubtful,  al- 
though microscopic  work  and  mode  of  occurrence  combine  in  indi- 
cating its  correctness,  as  they  also  do  in  denying  its  generally  sup- 
posed extension,  on  the  continuation  of  its  strike  in  the  Ingliston 
Extended,  to  the  east  of  the  Consols  Group  {see  above,  p.  72). 


(v.)  —  Chief  Determinations  of  Ingliston  Extended  Bocks. 


Specimen 
Number. 

Locality  . 

Determination. 

425ft.  Level  . . 

Albite-quartz  porphyry. 

[t3  5*"T3t] 

Do. 

Quartz  porphyry. 

Do. 

Black  schist  (sheared  peridotite). 

Do. 

Black  schist. 

Do. 

do. 

Do. 

Junction  of  black  schist  and  dolerite. 

[lid 

300ft.  Level  .  . 

Black  schist. 

425ft.  Level  .  . 

Fuchsite-quartz-carbonate  rock. 

Do. 

Chlorite-carbonate-quartz  rock. 

[tIv] 

Do. 

do.  do. 

hh] 

Do. 

Talc-chlorite-carbonate-quartz  rock. 

300ft.  Level  .  . 

Brownish-red  fuchsite  rock. 

[two] 

637  N,  Shaft  B. 

Chloritic  talcose  serpentine. 

[21"  9] 

300ft.  Level  . . 

Talc-chlorite  schist  . 

210ft.  Level  .  . 

Dolerite. 

[2I  il 

300ft.  Level   . . 

Talc-chlorito-carbonate  rock . 

[2?.2l 

Do. 

Flecked  talc-chlorite-carbonato  serpentine. 

[223] 

Do. 

Sheared   talc-cliloritc-carboiiate  serpentine. 

[2^4] 

425ft.  Level  .  . 

do.                 do.  do. 

[225] 

Do. 

Talc-chlorite  rock  witii  rutilc. 

[226] 

Do. 

[135]  ''''"d  499c  (Mac(iuarie). 

720 N  Shaft     .  . 

Chloritic  talcose  8er])entino. 

507 N,  Shaft  C. 

Much  weatliered  dolerite. 

\M] 

i  507  N,  (!o.ste(5n.  . 

Dolerite  ?. 

[80(1] 

037  N,  Shaft  4  .  . 

(Jlilorilic  talcose  serjXMitino. 

[221c| 

425ft.  Level  . . 

Dolerite. 

♦  Mr.  W.  J.  Turner  has  informed  the  writer  that  an  offshoot  of  the  dolerite 
was  seen  in  one  stopo  cutting  through  the  lode. 
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(b.)  Lodes. —  (i.) — East  Lode. — This  deposit  has  been  followed 
1/200  feet  horizontally,  and  500  feet  vertically,  but  is  not  payable 
throughout.  It  has  yielded  the  bulk  of  the  gold  produced  by  the 
Ingiiston  Extended  Mine.  Its  walls  are  ill-defined  and  tongues  of 
payable  ore  diverging  from  the  main  body  are  easily  overlooked. 
The  shoots  j^itch  north  at  rather  flat  angles. 

The  East  Lode  is  a  sheared  zone  in  the  black  schists,  which  has 
been  permeated  by  gold-bearing  solutions.  The  dull  greenish  quartz 
stringers  form  a  small  part  of  the  total  bulk  of  the  lode,  which  owes 
its  name,  "Mud  Lode,"  to  the  readiness  with  which  the  oxidised  ore 
slimed  in  the  battery. 

The  East  Lode  has  not  been  proved  to  be  affected  by  any  trans- 
verse faulting,  but  a  possible  strike  fault  occurs  in  it  near  its  north 
end.  ^1 

Throughout  its  greater  part  the  East  Lode  lies  close  to  the 
dolerite,  which,  as  stated  above,  is  of  later  date.  If,  therefore,  the 
strike  or  dip  of  the  dolerite  is,  in  the  course  of  further  exploration, 
found  to  alter,  and,  concurrently,  the  East  Lode  to  pinch  out,  the 
latter  will  probably  be  found  again  on  the  other  side  of  the  dolerite. 
There  is  no  evidence  that  the  lode  will  be  affected  by  the  dolerite 
in  anjr  except  this  mechanical  manner. 

Occasional  values  were  obtained  in  shaft  4  (637n),  in  Shaft  E 
(65ft.  level),  and  in  Shaft  B  (44ft.  level),  in  which  last  place  one  or 
two  quartz  veins  were  mined  up  to  the  edge  of  the  dolerite  and  where 
values  are  said  to  have  averaged  loz.  i)er  ton.  These  may  be  the 
southern  extension  of  the  East  Lode,  but  this  part  of  the  Belt  has 
yielded  little  more  than  10  tons  of  ore  and  the  occurrence  can  hardly 
be  called  important. 

In  the  Ingiiston  United  Main  Shaft  values  were  obtained  on  the 
east  edge  of  tiie  porphyry.  It  is  reported  also  that  a  "lode  forma- 
tion" was  cut  at  the  end  of  the  long  east  cross-cut.  It  seems  un- 
likely that  the  East  Lode,  which  must  here  be  crossed  by  the  dolerite 
dyke  and,  consequently,  much  disturbed,  can  be  successfully  mined 
in  this  part.  Some  payable  ore  might,  however,  be  obtained  by 
finding  the  lode  channel  at  the  south  end  of  the  Ingiiston  Extended 
open-cut  and  exploring  it  southwards  at  a  depth  of  about  50  feet. 

The  workings  off  Shaft  D  consist  mainly  of  drives  along  both 
walls  of  the  porphyry.  Small  quantities  of  ore  have  apparently  been 
obtained,  especially  from  the  40ft.  level,  to  the  east  of  the  dyke 
—  below  which  level  there  are  clear  boundaries  between  porphyry, 
"lode"  (about  five  feet  of  quartz-impregnated  rock),  and  schists. 
This  "lode"  shows  more  resemblance  to  the  Ingiiston  Extended  East 
Lode  than  to  the  West  Lode. 

A  similar  "formation,"  apparently  of  little  value,  lies  against 
the  west  side  of  the  porphyry.  Through  lode  and  porphyry  steeply 
inclined  quartz  stringers  run  uninterruj^tedly,  but  are  themselves  cut 
by  flat  stringers  in  the  porphyry. 
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(ii.)  TTVs^  Lode.  — This  has  been  followed  horizontally  for  more 
than  500  feet,  and  to  a  depth  of  more  than  400  feet.  It  dips,  some- 
times east  sometimes  west,  at  very  high  angles. 

The  gold-bearing  material  is  quartz,  which  follows  the  eastern 
slickensided  Avail  of  the  porphyry  dyke,  and  varies  from  a  mere 
"skin"  to  three  feet  or  more  in  thickness  (in  which  latter  case,  it  has 
a  compound  structure — fig.  51).   Most  of  the  gold  comes  from  a  seam 


Fig.  54. 

IMGLISTON  EXTENDED    C.  M. 

A\EEKATHAf{RA  DtSTFjlCT. 


ol'  bluish  (|ii;irl/,  s('l(h)in  iiioi-e  Hum  two  inclics  wide,  wliidi  lies  nearest 
1,,  th,.  |Mir|:!iyty.  OccjisioiiMlly  Hie  xcin  s|)li(s  niid  Hio  Iwo  ])jn-ls  may 
be  sc)i:ir;ilcd  by  scxcrnl   feet   of  counli-y,  bill   rciiiiilc  b)\v('r  down. 
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Near  its  south  end,  tlie  upper  part  of  the  West  Lode  has  been 
thrown  up  and  west  and  removed  by  denudation.  Small  irregular 
veins  ("contact  veins"  of  PL  XV.)  run  along  the  fault  plane,  which 
also  cuts  through  the  porphyry. 

The  southern  continuation  has  been  looked  for  unsuccessfully 
in  the  210ft.  level  and  in  Shaft  III.  (881N).  The  junction  of  por- 
phyry and  fuchsite  rock  in  Sliaft  III.  is  of  the  dovetail  type  illus- 
trated from  the  Gwaiia  Extended  and  Mickey  Doolan  Leases  in 
PL  XIX.  Two  crosscuts  at  the  156ft.  level  to  the  west  side  of  the 
porphyry  found  no  lode  matter. 

(iii.)  Spurs. — The  spur  veins  are  associated  with  the  West 
Lode. 

South  Spurs. — Some  rather  intricate,  almost  inaccessible  work- 
ings, not  shown  on  the  plans  accompanying-  this  report,  lie  above 
the  125ft.  level,  west  of  the  Faithful  Shaft.  They  appear  to  have 
been  on  small,  rather  erratic  veins,  whose  strike  averaged  east  and 
dip  north  at  40°. 

Main  Spur. — This  body  resembles  the  East  Ore  Body  of  the 
Commodore  G.M.  in  character.  It  strikes  parallel  to  the  West  Lode, 
and  is  almost  vertical.  It  is  composed  of  three  feet  to  six  feet 
or  more  of  veiy  white  quartz,  in  which  are  embedded  large  fragments 
of  the  surrounding-  fuchsite  country.  The  Main  Spur  is  thrown  west 
by  the  fault  already  mentioned  in  connection  Avith  the  porphyry  and 
West  Lode,  and  its  upper  portion  is  supposed  to  be  the  "vertical 
vein"  formerly  worked  about  40  feet  above  the  125ft.  level,  the 
quartz  of  which  is  said  to  have  been  very  like  that  of  the  Main  Spur. 

The  Main  Spur  has  yielded  a  small  quantity  of  ore  mainly  from 
a  north-pitching  shoot  which  was  caused  by  the  junction  Avith  the 
"Sub-spur"  Vein.  Values  are  said  to  be  generally  better  close  to  the 
tnrhsite  inclusions. 

Flat  Spurs. — At  least  three  spurs  have  been  mined  towards  the 
north  end  of  the  125ft.  level.  One,  which  cut  and  faulted  the  por- 
];hyry  (diagram  in  Fig.  54)*  yielded  rich  ore  from  the  part  enclosed 
in  this  rock.  On  the  other  hand,  the  auriferous  quartz  of  a  similar 
vein  40  feet  lower,  and  a  small,  rich,  "sandy"  vein  in  the  same  neigh- 
])ourhood,  lay  outside  the  porphyry. 

(c)  Faults. — Apart  from  the  faulting  and  other  movements 
responsible  for  the  formation  of  the  two  lode-channels  and  of  the 
various  spurs,  two  faults  in  the  Ingliston  Extended  may  be  des- 
cribed : — 

The  north-and-south-striking  fault  already  mentioned  as  respon- 
sible for  the  faulting  of  i)orphyry,  West  Lode  and  Main  Spur  is  the 
older.    Evidence  for  its  existence  is  seen  in  the  slope  above  the 


*  Thia  information  and  the  diagram  are  from  Mr.  W.  J.  Turner. 
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300ft.  level,  where  the  main  spur  is  cut  off  abruptly,  and  on  and 
above  the  125ft.  level.  Small  auriferous  veins  have  been  deposited 
along"  this  plane,  which  is  probably  only  a  little  later  than  the  main 
gold  injection. 

A  later  fault  is  seen  in  the  south-west  workings  on  No.  1  level. 
In  a  coiTesponding  place  at  the  300ft.  level  disturbed  country  but 
no  decided  fault  plane  is  met.  This  fault  strikes  west  of  north 
and  dips  south-west  at  70°.  It  is  said  to  have  affected  the  water- 
level,  which  stood  at  156  feet  in  the  north  and  at  HO  feet  in  the 
south  workings. 


D.— Consols  Group  (Plates  XIIT.,  Sheets  7  and  8,  XIV.  and  XVI.) 

This  includes  the  Ingliston  Consols  Extended  (175n),  Fenian 
(477n),  Marmont  (481n),  Marmont  Extended  (5S0n),  Ingiision 
Consols  South  (544n),  Mickey  Doolan  (589n)  and  Mickey  Doolan 
East  (1149n)  leases.  Adjoining  leases  will  also  be  mentioned  occa- 
sionally. To  tlie  end  of  1914,  277,660  tons  of  ore  have  been  treated 
from  this  Group  for  a  return  of  232,445.10  ounces  of  fine  gold. 

1.  History,  etc.  — Ingliston  Consols  Extended  G.M.  Syndicaie. 
— This  syndicate  of  six  members  now  holds  leases  475n,  515n,  729n 
and  822n.  The  first  lease  on  this  ground  and  on  the  Group  Avas  the 
Ingliston  Consols  (400n)  for  which  P.  W.  Donovan,  J.  Murphy,  and 
three  others  applied  in  September,  1901,  and  which  they  held  for 
less  than  a  year. 

In  July,  1903,  Koberts  Bros,  cut  a  3oz.  leader  in  a  ]irospecting 
cross-cut  at  a  depth  of  30  feet  (present  No.  3  sliaft),  and  applied 
for  the  Ingliston  Consols  Extended  lease. 

In  1906,  the  State  Mining  Engineer  (Mr.  A.  Montgomery) 
expressed  the  opinion  that  the  quartz  veins,  then  regarded  as  the 
only  material  worth  mining,  were  merely  part  of  a  larger  lode  forma- 
tion, but  it  was  only  in  Ai)ril,  1908,  when  the  "cliloritic  scliists" 
of  the  250  feet  plat  was  found  to  l)e  ''stud.led  willi  gold"  that  this 
was  generally  recognised. 

Early  in  1909,  a  five-licad  mill  was  working  on  the  lease.  The 
equipment  of  the  mine  has  been  steadily  added  to,  and  at  present 
includes  a  Cornish  ])()iler  supplying  steam  to  the  winder  and  to  a 
small  dynamo,  two  (iO  h.)).  coupled  (^rossley  gas  engines  and  one  62 
h.p.  Crossley  sui)i)lied  from  a  (^rossley  charcoal  and  an  Akroyd 
wood-producer.  The  gas  engines  serve  the  15-hea.l  mill,  cyanide 
plant,  large  dynamo,  etc. 

This  mine  does  not  use  machine  drills. 

After  passing  the  mill,  the  treatment  is  nuidi  the  same  as  m 
the  Ingliston  K.xtended  except  that  slimes,  of  which  about  r)(),000  tons 
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averaging  Ss.  a  ton  are  now  on  hand,  are  stacked.  About  50  tons 
of  concentrates  yielding  about  £S  10s.  per  ton  of  gold  are  collected 
each  month. 


Table  shoicing  the  Yield  of  the  Inglislon  Consols  Extended  G.M. 


\  ear. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom . 

Silver 
therefrom. 

tons. 

oz. 

oz. 

1903 

Ingliston  Consols  Extended 
475n 

59-25 

227-47 

1904 

do.  do. 

480-00 

2,112-51 

•30 

1905 

do.  do. 

593  00 

1,257-90 

1906 

do.  do. 

404-00 

650-37 

1907 

Ingliston    Consols  Extd. 
leases,  47 5n  and  515n 

730-50 

2,122  01 

Ingliston    Consols  Extd. 
leases  475n,  515n,  729n 

Q 1 7 . no 

1,0  /o-  Ui 

1909 

do.  do. 

4,608-00 

4,833-46 

1910  .. 

Ingliston    Consols  Extd. 
leases,  47oN,  515>r,  729n, 
822n 

11,869- 00 

7,115-68 

1911 

do.  do. 

13,693-00 

10,314-26 

1912  .. 

do.  do. 

13,892-00 

8,335-27 

1913  .. 

do.  do. 

19,266-00 

11,274-06 

1914  .. 

do.  do. 

21,647-00 

10,781-08 

Total 

88,158-75 

60,700  08 

-30 

Fenian  G.M.  Syndicate. — This  syndicate  of  14  members  holds 
the  Fenian  and  Fenian  P^xtended  Leases. 

The  application  by  F.  0.  Osborne  and  T.  Ryan  for  the  Fenian 
Lease  was  received  on  July  20th,  1903,  twelve  days  after  the  Roberts 
party's  application  for  the  Ingliston  Consols  Extended.  During  its 
early  days,  the  lease  is  said  to  have  been  worked  at  a  loss.  Accord- 
ing to  one  account,  three  shafts  were  sunk  to  50  feet  and  connected 
by  cross-cuts  in  Avhich  the  ore  was  un])ayable,  but  10  feet  more 
sinking  opened  out  a  payable  body  30  feet  wide.  In  October,  190S, 
a  battery  bought  from  the  Cham])ion  Mine  at  Nannine  was  working. 
The  plant  now  includes  a  Cornish  boiler,  wliich  supplies  the  winder 
(till  the  middle  of  1914,  the  entire  plant  was  worked  by  a  120  h.p. 
compound  tandem  engine  supplied  from  four  Cornish  boilers,  there 
was  also  a  steam-driven  cross-compound  air-compressor— all  this 
plant  is  still  in  position),  two  pairs  of  Kynoch  gas  engines,  a  Horns- 
by  and  a  260  b.p.  Crossley,  the  total  h.p.  available  being  about 
600.*  These  engines,  Avhich  are  supplied  from  two  Commonwealth 
producers,  operate  a  1,050  e.f.  per  minute  air  compressor,  a  15  kilo- 
watt dynamo  for  lighting  purposes,  the  1 5-head  mill  of  1,2001b.  stamps 

*  The  total  h.p,  is  not  required  at  present,  and  one  or  more  of  the  engines  and 
one  producer  are  held  in  reserve. 
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and  the  cyanide  plant.  A  three  decker  Merton  Roaster,  with  a  capa- 
city of  eight  tons  per  day  of  raw  concentrates,  driven  otf  the  main 
shafting,  now  deals  with  concentrates  from  the  Fenian  and  other 
mines. 

An  account  of  the  treatment  is  given  in  Chapter  II. 
Table  showing  the  Yield  of  the  Fenian  Gold  Mine. 


Name  and  Number  of  Lease. 


Ore 
crushed. 


tons. 

oz. 

1904 

Fenian,  477n     . . 

132  00 

396-74 

1905 

Do. 

509-75 

2,360-39 

1906 

Do. 

778-00 

2,914-51 

1907 

Do. 

1,858-00 

4,192-57 

1908      . . 

Do. 

3,516-00 

6,265-25 

1909      . . 

Do. 

2,038-00 

2,159-76 

Fenian  Leases  477n  and 

814n  amal- 

9,401-00 

12,350-29 

gamated 

1910      . . 

Do.  do. 

do. 

11,642-00 

14,954-38 

1911 

Do.  do. 

do. 

16,237-00 

15,945-59 

1912 

Do.  do. 

do. 

25,872-00 

21,837-81 

1913      . . 

Do.  do. 

do. 

30,932-00 

24,805-15 

1914 

Do.  do. 

do. 

33,945-00 

26,401-03 

Total 

136,860-75 

134,583  47 

The  Marmont  and  amalgamated  leases,  Marmont  Extended  and 
Mickey  Doolan,  are  held  by  T.  Ryan,  who  with  four  others,  originally 
pegged  the  Marmont  ground  at  the  same  time  as  the  Fenian.  The 
Marmont  Extended  was  first  leased  to  F.  J.  Smith  and  the  Mickey 
Doolan  to  Caleb  James. 


Table  showing  the  Yield  of  the  Marmont  Gold  Mine. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

tons. 

oz. 

1905      . . 

Marmont,  533  n   

274-50 

415-01 

1906     . . 

Do.   

804-50 

3,265-55 

1907 

Do.   

3,532-00 

2,887-69 

1908  .. 

Do.   

8,(U)1  -00 

6,065-94 

1909      . . 

Do.   

9,84()()0 

7,015-98 

1910  .. 

Do.   

(>,5S7-0() 

4,179-24 

1911  .. 

Do.   

7,272-00 

.5,551-65 

1912 

Do.   

6.406-00 

2,. 509  - 12 

1913 

Do.   

5,120-00 

2,4.3()-67 

1914  .. 

Do.   

3,913-00 

2,623-97 

52,410  00 

36,950  82 

Table  shoiving  the  Yield  of  the  Marmont  Extended  and  other  Leases. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1907 

1910  .. 
1910 

Marmont  Extended,  580N 
Ingliston  Consols  South,  544^^ 
Marmont  Ex,tended  Leases  580n  and 
888N 

Ingliston  Consols  South,  544n 

tons. 
43-00 
20-50 

152-00 

15- 00 

oz. 

38-03 
24-49 
129-61 

18-60 

Total   

230  50 

210-73 

Although  it  took  a  year  longer  to  find  the  lode  on  the  Marmont 
than  on  the  Fenian,  a  20-head  mill,  purchased  from  the  Weld  Range 
Hercules  G.M.  Co.,  was  working  early  in  1907,  being  thus  the  second 
private  battery  in  point  of  age  on  the  Belt.  This  battery  is  now  re- 
duced to  10 -he ad  and  is  driven  by  steam  from  two  Cornish  boilers, 
which  also  supply  the  two  winding  engines.  Two  years  ago  a 
cyanide  plant,  now  idle,  was  operating.  On  the  Marmont  Extended 
the  winder  and  one  Cornish  boiler  are  still  in  position. 

The  Marmont  battery  is  close  to  the  old  main  shaft,  an  over- 
head tramway  connecting  it  with  the  new  shaft.  Tailing?  are 
stacked,  there  being  now  about  9,000  tons  in  hand.  These  are  said 
to  be  of  considerable  value,  but  no  figures  are  available. 

2.  Geology,  (a.)  Country,  (i.)  Porphyry. — This  is  generally 
an  albite-quartz  porphyry  {see  Chapter  VII.,  p.  220). 

At  the  north  and  south  ends  it  forms,  so  far  as  known,  a  con- 
tinuous bar.  In  the  Ingliston  Consols  Extd.,  the  Fenian,  and  Mar- 
mont, its  occurrences  are  disconnected,  but  comparison  of  the  plan 
(Plate  XVI.)  with  the  diagrammatic  section  (Plate  XIV.)  sIioavs 
that  in  these  mines  the  rock  occurs  in  peaks,  which  will  unite  at 
greater  depths  to  form  a  continuous  bar.  (One  small  occurrence  in 
the  Maririoni  is  indeed  said  to  be  quite  isolated,  and  is  compared  by 
the  miners  to  a  fish.)  On  levels  7  and  8  of  the  Fenian,  the  porpliyr}^ 
is  faulted  by  an  auriferous  cross  vein. 

On  the  Mickey  Doolan,  the  relation  of  the  dyke  to  the  surround- 
ing decomposed  fuchsite  rock  is  shown  in  one  of  the  sections  in 
Plate  XIX. 

(ii.)  ^^Greenstones." — Certain  distinct  types  can  be  recognised 
even  in  hand  specimens  but,  owing  to  the  varying  de^Tees  of  altern- 
tion,  the  mapping  of  their  boundaries  on  the  accompanying  plans 
is  only  approximately  correct.  To  define  them  accurately  w^ould  in- 
volve an  enormous  amount  of  detailed  petrological  work  in  order  lo 
decide  finally  the  character  of  specimens  which  to  the  naked  eye 
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appear  to  be  inlermefliate  between  the  types.  However,  the  com- 
plicated relations  between  the  rocks  of  peiidotitic    and  doleritie 

Fig.  55. 


^  P  0  R  P  H  Y  R  Y 


Porphyry  and  Lode,  Ingliston  Consols  Extended  G.M.,  looking 
south  from  north  end  of  No.  1  Level.  Porphyry  wedges 
out  below. 
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origin  is  quite  in  accord  with  field  evidence  near  Grarden  Gully  and 
Belele  Homestead  and  an  undergroimd  occurrence  at  Yaloginda,  in 
which  places  peridotitic  rocks  are  in  close  relation  with  others  of  un- 
doubted doleritic  character. 

Flecked  Carbonate  Schists — originally  dolerites. — It  will  be 
seen  that  these  occur  at  the  north  end  of  the  Group,  but  their  boun- 
daries are  quite  undefined. 

Strictly  the  term  schist  applied  to  these  or  any  other  rocks  in 
the  Area  is  a  misnomer  since  they  every^vliere  show,  both  in  hand 
specimens  and  under  the  microscope,  evidence  of  their  originally 
massive  character.  Generally  they  are  greenish  or  grey-green,  and 
owe  their  schist-like  appearance  to  the  numbers  of  shear-])laues  by 
Avhich  thev  are  traversed  and  which  generally  strike  parallel  to  the 
main  lode  channel  and  dip  east.  These  rocks  are  usually  flecked, 
owing  to  the  presence  of  duller  chloritic  patches  {see  further, 
pp.  69,  258). 

Fuchsite  Bocks. — These  rocks — also  probal^ly  of  doleritic  origin, 
as  indicated  by  microscoi)e  work — are  found  in  various  i)laces  in  the 
Group — usually,  but  not  always,  alongside  the  porphyry,  on  to 
Avhich  they  are  generally  "frozen"  or  "dovetailed.''  Occasionally, 
however,  the  two  rocks  are  separated  by  a  shear  plane  or  are  mixed 
together  along  their  contact.  All  these  relationsliips  are  also  found 
in  the  Ingliston  Extended  Group. 

The  large  area  of  fuchsite  rock  in  the  southern  jiart  of  this 
Group  is  mapped  solely  by  the  character  of  the  weathered  ])roduct — 
a  gTeen,  gritty,  incoherent  rock.  Possibly  some  of  tliis  will  prove 
at  depth  to  be  carbonate  rock  of  peridotitic  origin. 

Carbonate  Bock. — The  bulk  of  the  workings  of  the  Group  are 
in  rocks  of  peridotitic  origin,  which  in  some  jdaces  liave  been 
changed  to  crystalline  car})onate  rocks.  In  others  b}'  sliearing  they 
have  much  the  appearance  of  the  flecked  schisls,  from  Vv'hicli  they 
can  usually  be  distinguished  even  in  hand  specimens  by  less  inten- 
sity of  shearing  and  absence  of  flecked  structure.  It  is,  however,  as 
already  explained,  usually  impossible  to  draw  definite  boundaries 
between  these  two  rocks. 


fiii.)  Chief  Determinations  of  Bocks  from  Consols  Grcmp. 


Specimen 
Number. 

Locality . 

Determination. 

Ing.  Con.  Extd.,  No. 

5  Level 
Fenian,  No.  7  Level 
Fenian,  No.  8  Level 
Fenian,  Stope  above 

No.  5  Level 

Quartz  porphyry  with  micacised  felspar. 

Felspar  porphyry. 
Felsitic  quartz  porphyry, 
do.  do. 
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(iii.)  Chief  Determinations  of  Rocks  from  Consols  Group — contd. 


Locality. 


Determination. 


Marmont,  321ft. 

Level 
Marmont,  196ft. 

Level 
Ing.  Con.  Ex;td.,  No. 

4  Level 
Fenian,  No.  7  Level 
Fenian,  No.  8  Level 
Do. 

Fenian,  No.  5  Level 
Fenian,  No.  7  Level 


Do. 


do. 


Fenian,  No.  6  Level 
Marmont,  196ft. 

Level 
Marmont,  321ft. 

Level 
Fenian,  No.  9  Level 
Fenian  Main  Shaft, 

V.D.  890ft. 
Fenian,  No.  8  Level 
Fenian,  No.  5  Level 
Fenian,  No.  2  Level 
Fenian,  No.  9  Level 

Fenian,  No  6  Level 
Do.  do. 

Fenian,  No.  3  Level 

Fenian,  No.  8  Level 

Do.  do. 
Fenian,  No.  7  Level 


Marmont 
Level 

Do. 

Do. 

Do. 
Fenian 

Do. 


145ft. 

do. 
do. 
do. 

No.  9  Level 
do. 


Ing.  Con.  Ex,t.,  bot- 
tom of  shaft 


Folsitic  quartz  porphyry. 

Fine-grained  quartz  porphyry. 

Probably  porphyry. 

Banded  carbonate-quartz  rock. 
Fine-grained  felsitic  quartz  porphyry. 
Fine-grained  quartz  porphyry. 
Carbonated  quartz-chlorite-talc  rock. 
Carbonate  chlorite  rock  (formerly  platy 
plutonic). 

Fine-grained  fuchsite-quartz-carbonate 
rock. 

Talc-chlorite-carbonate-albite-quartz  rock . 
?  Quartzose  porphyry. 

Talc-chlorite-carbonate  rock. 

Chlorite-carbonate  sheared  flecked  rock, 
Fuchsitic  talc-chlorite-carbonate  rock. 

Fuchsite-quartz-carbonate  rock. 

CP-  2T8- 

Talc-zoisite-chlorito-earbonate  rock. 
Highly  sheared  chlorite-carbonate  flecked 
rock. 

Sheared  talc-chlorite-carbonate  rock. 
Slightly     flecked  talc-chlorite-carbonate 
rock. 

Talc-chlorite-carbonate    sheared  flecked 
rock. 

Strongly  sheared  talcose  chloritic  rock. 
Sheared  talc-chlorite-carbonate  rock, 
do.  do.  do. 


Talc-chlorite  rocks. 


Porphyry. 

Porphyry  ;     felspar    largely   altoicd  to 
rnuscovite. 

Sheared  porphyritic  fine-grained  dolerito. 


*  [ooi>l  to  (4(1)  are  of  peridotitic  ori^^iu. 


)  Fissures. — Two  systems  ol*  lissures — a  main  ami  a  sub- 
sidiary ai-c  rocofi'nised.  Tlie  former,  slrikinii:  about  20°  E.  of  N., 
runs  |»aiali('l  to  (lie  shear-|)laries  ol'  (he  coimtry,  aiul  alon.u-  il  are 
deposited  (lie  main  ore-bodies  ol"  (lie  .i;roii|>;  (lie  la((ei-  is  rou^iily  at 
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right  angles  to  the  main  system  and,  in  the  Fenian  and  Marmont 
"spur-veins,"  also  carries  valuable  ore-deposits. 

In  the  Ingiiston  Consols  the  cross-fissures  are  in  places  very 
numerous,  but  small.  In  some  parts  of  the  mine  they  run  into,  but 
do  not  cross,  the  main  system. 

In  the  Fenian,  the  cross-fissures  are  larger  and  more  important 
economically. 

The  cross-fissure  along  which  the  Marmont  ''No.  2  spur"  lies 
is  the  largest  and,  in  some  ways,  most  important  in  the  Belt.  Owing 
to  its  size  it  diverted  the  ascending  solutions  from  the  main  lode- 
channel,  and,  with  the  Fenian  South-East  Spur,  is  responsible  for 
the  poorness  of  the  south  part  of  the  main  channel  in  the  Fenian 
ground. 

At  first  sight,  the  subsidiary  system,  since  it  faults  the  main 
lode  channel,  throwing  it  west  as  we  go  north,  would  seem  to  be 
decidedly  later  than  the  main  system  of  fissures.  The  writer  thinks, 
however,  that  both  systems  were  formed  almost  simultaneously, 
although  in  one  or  two  instances  slight  transverse  movement  oc- 
curred a  little  later.  It  cannot  be  supposed  that  such  widespread 
systems  of  longitudinal  and  cross-fissuring  and  shearing  as  exist 
throughout  the  Area  were  formed  everywhere  at  the  same  time. 
Along  lines  of  weakness  there  is  usually  repeated  movement  at 
different  ages.  It  Avouid  be  as  much  a  mistake  to  regard  all  trans- 
verse fissures  as  of  one  age  and  all  later  than  the  longitudinal,  as 
it  would  be  to  suppose  that  all  the  longitudinal  fissures  and  shear- 
planes  are  themselves  coeval. 

(b)  Ore-deposits. — The  main  ore-channel  is  a  mineralised 
shear-zone  striking  N.N.E.  and  dipping  east,  which  had  been,  just 
before  the  arrival  of  the  gold-solutions,  the  path  followed  in  places 
by  an  invasion  of  porphyry. 

The  main  lode  consists  generally  of  quartz  veins  of  all  sizes  in 
a  matrix  of  sheared  rock  much  impregnated  with  arsenopyrite.* 

In  hand-specimens,  the  quartz  of  this  lode,  which  is  generally 
milky-white  and  contains  no  visible  minerals  except  gold,  is  in  many 
places  traversed  by  minute  branching  "capillaries"  of  clear  quartz. 
Microscopic  examination  of  similar  quartz  from  the  Gwalia  Ex- 
tended Lease  shows  that  the  "capillaries"  are  in  crystallographic 
continuity  with  the  quartz  forming  the  rest  of  the  vein,  but  are 
quite  without  the  liquid  inclusions  with  which  the  main  mass  is 
thickly  dusted,  and  for  this  reason  stand  out  distinctly. 

The  gold  not  actually  contained  in  quartz  veins  and  stringers 
but  carried  by  mineralised  country,  is  "face  gold,"  being  confined  to 
the  shear-faces  and  not  distributed  through  the  mass  of  the  rock. 


♦  For  mineral  conteut  see  Chapter  VIII. 
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Pyrite  is  thought  a  bad  "indication";  however,  in  a  specimen 
from  Xo.  5  level,  Ingliston  Consols,  visible  gold  is  associated  with 
good  pyritohedra. 


Fig.  56. 


(Ic  (  .  <  l.ii  k(>.  X(«g.    1  I  1.-). 


Lode,  Fenian  G.M.  Roof  of  drive,  No.  8  level,  near  north  end. 
One  quartz  vein  cuts  another.  The  schist  is  netted  with 
quartz  veinlets. 
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Where  the  porphyry  dyke  occupies  the  channel,  the  lode  can 
generally  be  found  along*  one  or  both  sides  (Figs.  19  and  55),  })ut  is 
neither  so  rich  nor  so  large  as  where  the  porphyn-  is  absent  {see 
stope-section  of  the  gToup,  PL  XIV.,  in  which  the  approximate 
projection  of  the  dyke  is  shown  in  colour). 

As  in  the  Commodore  and  Ingiiston  Extended  Groups,  where 
peridotitic  or  fuchsite  rocks  are  intersected  by  the  channel  the  ore 
IS  more  patchy  than  when  in  the  "tlecked  schists." 

Fig.  57. 


I  2 


20'  O   lO' 


SCAue  OF  FEET^'^ 
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Fenian  G.M.  Diagrams  showing  some  geological  features. 

1.  No.  7  level,  200ft.  north  of  main  cross-cut — lelntioii. 

between  main  vein  and  a  spur  (plan). 

2.  No.  6   level — Relation    between    lode,   porphyry,  and 

schist  (section). 
'■>.  Xf).  7  level — Section  along  north  side  of  main  cross-cut. 


"The  gold  solutions  apparently  came  from  the  same  magma  as 
the  porphyry  and  Avere  circulating  through  the  ore-channel  before 
the  acid  rock  had  completely  solidified.  Thus  auriferous  quart/ 
(6) 
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rig.  58. 


Geological  Features  in  Workings  near  Meekatharra. 

1.  iii<;lis(()ii  (.'oiisoIh  Kxtd.  G.M.,  174ft.  level  (section). 

2.  lii^liHton  Consols  Kxtd.  G.M. — Arraugonient  of  quartz 
vciiilets  ill  lode  (diagnunniatic  plan). 

3.  Marmont  G.M.,  lOOft.  level — Quartz  veins  nre  auri- 
ferous nt  contact  of  fuclisite  roek  and  i)()ri)liyry 
(section). 

4.  Ttigliston  Kxtd.  (!.M.,  .'UlOft.  level — Shear  planes  of 
Hcliists  displaced  by  later  joints  (section). 

r>.  l*ione(!r  (Jroup,  Shaft  7— A  "sugary"  quartz  vein 
cut  off  by  stringeis  from  main  vein  (section). 

0.  rioneer  (Jroup,  Shaft  11 — Section  showing  structure 
of  vein.    Scale:  4 ft.  —  lin. 
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veins  are  occasionally  (south  end  of  no.  5  level  Ingliston  Consols) 
found  cutting  the  porphyry.  It  is  even  said  that  gold  is  found  in 
the  porphyry  itself,  but  in  the  few  instances  seen  by  the  writer, 
the  gold  was  in  small  quartz  stringers,  which  had  penetrated  the 
rock. 

In  iJie  Ingliston  Consols  the  main  lode-channel  carries  very 
numerous  (usually  small)  quartz  veins  in  which  two  directions  of 
orientation  are  said  to  be  recognised  (Fig.  58,  no.  2).  The  compli- 
cated character  of  the  earlier  workings  is  due  to  the  fact  that  only 
the  rich  quartz  veins  were  then  mined.  'The  cross-fissures  in  this 
mine  are  numerous  and  appear,  particularly  in  the  stopes  above 
No.  4  level,  to  have  thrown  the  lode  west  (going  north)  in  a  suc- 
cession of  steps.  This  is  a  case  in  which  the  transverse  fissures  are 
later  than  the  longitudinal.  ElseAvhere  in  the  Ingliston  Consols  the 
cross-fissures,  which  strike  and  dip  steeply  in  various  directions, 
generally  carry  higher  grade  quartz  than  the  main  body,  but  only 
persist  for  a  very  short  distance  outside  it. 

The  ore-body  in  the  Fenian  G.M.  is  narrower,  contains  a 
higher  proportion  of  quartz,  and  is  complicated  by  the  greater  size 
and  importance  than  in  the  Ingliston  Consols  of  the  cross-  (or  spur-) 
veins.  The  general  course  and  size  of  the  spurs  is  indicated  on 
the  plan  (PI.  XVI.),  but  no  idea  of  their  contribution  to  the  ore 
produced  by  the  mine  is  given  by  the  stope-section  "(PI.  XIV.) 
which,  being  taken  parallel  to  the  main  channel,  shows  the  stoping 
on  the  spurs  greatly  foreshortened. 

The  writer  considers  that  the  comparative  failure  of  the  ore- 
body  in  the  south  part  of  the  mine  is  due  to  diversion  of  ascending 
solutions  by  the  fissures  of  the  S.E.  spur  and  No.  2  Marmont  spur, 
which  have  thus  robbed  the  main  channel. 

In  the  Marmont  the  ore-body  is  like  that  of  the  Fenian,  "spurs" 
being  of  considerable  importance.  A  characteristic  of  No.  2  spur, 
which  differs  from  others  in  that  it  carries  a  lode-formation  of 
schist  in  addition  to  much  quartz,  is  said  to  be  the  presence  of 
small  more  or  less  horizontal  quarlz  jTartings  which  separate  the 
body  into  liigh-  and  low-^Tade  segments. 

There  is  little  information  regarding  the  ore-deposits  of  this 
group  south  of  the  Marmont.  This  part  has  not  been  adequately 
prospected,  and,  excej)t  in  the  main  workings  of  the  Marmont  Ex- 
tended, the  position  of  the  ore-channel  has  not  been  located. 

3.  Future  prospertinrj. — The  description  of  the  Ingliston 
Extended  Group  shows  that  in  the  extreme  north  of  the  Consols 
Group  the  dolerite  intrusion,  the  large  porphyry  dyke,  and  the 
character  of  the  country  are  alike  unfavourable  to  the  existence  of 
a  large  ore-body. 
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Until  the  Ingliston  Extended  East  Lode  has  been  located  in  the 
south  part  of  that  gToup  {see  above,  p.  149),  it  is  little  use  specu- 
lating as  to  its  possible  extension  along  the  east  side  of  the  Consols 
Group.  It  would  appear  from  the  different  character  of  its  ore  to 
be  a  body  distinct  from  the  Consols  lode,  of  which  the  Ingliston 
Extended  West  Lode  is  probably  the  continuation,  and  to  this  ex- 
tent there  is  reason  to  hope  that  it  will  yet  be  found  to  the  east. 

As  regards  the  position  of  the  ore-channel  in  the  south  part 
of  the  Consols  Group,  two  possible  courses  between  the  Marmont 
Extended  and  Gwalia  Extended  leases  are  indicated  (PI,  XIII., 
sheet  S).  Early  records  of  the  Fenian,  together  with  recent  de- 
velopments on  the  Gwalia  Extended  {see  p.  165),  indicate  that, 
going  south,  the  true  character  of  the  ore-body  cannot  be  gauged 
until  a  depth  of  at  least  150  feet  has  been  reached. 


E.    Gwalia  Extended  Group  (PI.  XIII.,  sheets  8  and  9). 

1.  History,  etc. — The  workings  of  this  gToup  are  in  the 
Gwalia  Extended  (872n),  Fenian  South  (1019n),  and  Judy  (925n) 
leases. 

The  Gwalia  Extended  was  taken  up  by  J.  Eves  and  party  in 
1909,  the  Fenian  South  by  W.  J.  Weekly  in  1910,  and  the  Judy  by 
D.  Morris  in  1909.  The  ground  has  since  been  cut  up  into  other 
leases  held  by  various  parties. 

The  gold  yield  has  been  small,  but  a  good  deal  of  geological 
information  may  be  obtained  from  the  rather  extensive  series  of 
cross-cuts. 

2.  Geoloijy.  (a)  Country,  (i.)  Peridotitic  Forks — Black  Carbon- 
ate Rock.  This  locality  shows  the  difficulty  of  determining  the  origin 
of  the  highly  metamorphosed  rocks  of  the  Area.  Judging  by  hand- 
specimens,  [2^2]  [2^51.  tliis  i^roiip  (like  [^^j]  from 
the  New  Orleans)  might  well  be  highly  sheared  rei)reseiitatives  of 
llie  andesitic  tuffs  and  breccias  which  occur  near  by  at  the  surface 
(.see  p.  65).    The  microscopic  structure  of  [202]  '^"^^  [2^5] 

ilie  rocks  into  which  they  quickly  ])ass  hcih  along  ar.d  across  their 
strike,  sliow  that  they  are  jieridotitic  in  origin  and  are  best  classed 
willi  the  black  scliists  of  tlie  Tngliston  Extended  G.l\l. 

(ii.)  Fuchsilc  h'ocks.  Vvi)\\\  V  Sliat'l  to  llic  porpliyi'v  (a  dis- 
tance of  350  feet),  and  again  west  of  the  porpliyr\-,  the  ouulry  is 
tlie  green  gritty  product,  in  |)laces  contninino-  bands  oP  limouite, 
wliicli  in  oilier  |>nr(s  of  llie  P.cit  is  roimd  to  pass  u\  depth  inlo 
Ciiclisile  fock'. 

(iii.)  rori'liiiri/.  In  Hie  norlli  pai'l  oi"  Hie  group  Hie  dyke, 
Hiougli  liiglily  <lecoinpose(l,  can  be  defined.     To  the  south  (slrif'ls 
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J,  K,  and  L)  there  is  little  doubt,  judging'  from  the  eliaraeteristic 
alteration  of  the  country,  that  the  porphyry  is  very  close,  and  its 
approximate  position  is  indicated. 

The  porphyry  usually  carries  many  quartz  veins,  the  flatter 
being-  apparently  the  younger  (section  in  PI.  XIX.).  The  latter  at 
the  93ft.  and  125ft.  levels  (shaft  H)  carry  nests  of  tourmaline — • 
the  tourmaline  being-  so  abundant  that  it  sometimes  seems  to  lie  in 
the  decomposed  porphyry  without  any  enclosing  quartz. 

The  contact  between  fuchsite  rock  and  porphyry  varies  in 
character  from  place  to  place.  There  is  in  the  small  section  in 
PI.  XIX.  evidence  of  slight  movement  along  the  west  porphyry  wall 
after  the  formation  of  the  youngest  veins. 

(b)  Lodes. — In  quartz  stringers  in  the  fuchsite  rock  close  to  its 
contact  with  the  black  schists  values  have  lately  been  obtained  in 
shafts  F  and  Fl,  The  stringers  dip  west  at  low  angles  and,  wliere 
they  join,  an  inch  seam  of  rich  quartz  is  said  to  occur  (Fig.  52). 
In  the  50ft,  cross-cut  (shaft  F)  values  were  almost  absent,  in  the 
112ft.  cross-cut  they  are  said  to  have  been  about  4dwt.  per  ton,  but 
to  have  improved  in  the  winze.  Forty-five  tons  from  the  94ft,  level 
(shaft  F)  are  said  to  have  averaged  8dwt.  4gr.  in  all. 

If  these  figures  are  correct,  deej^er  prospecting  in  this  ])art  of 
the  Belt  is  advisable. 

Another  "lode"  (so  called  from  the  abundance  of  quartz 
stringers,  not  the  values,  which  it  contains)  lies  about  70  feet  further 
west. 

It  is  assumed  that  the  irregular  string'ers  followed  in  shafts  M 
and  N,  and  the  other  system,  apparently  no  more  jn-od active,  in  J 
and  K,  are  the  same  two  lodes.  Their  probable  course  })etween  the 
two  sets  of  workings  is  indicated  to  guide  further  prosiiecting. 

The  flat  veins  issuing  from  the  porphyry  (shaft  H,  see  Fig.  52) 
are  said  to  be  auriferous  both  in  the  pori)hyry  and  for  a  short  dis- 
tance in  the  fuchsite  rock. 

IX.    aLOP,E  GOLD  MINE.    (PI.  XVII.) 

1.  TJistory,  etc.  Reef-gold  was  first  obtained  in  this  neigh- 
bourhood (about  two  miles  soutli  of  the  Marmont  G.M.),  in  190.S, 
from  shaft  A. 

In  August,  1909,  a  small  rush  resulted  from  tlie  finding  of  rich 
"floaters"  on  the  present  Globe  lease  by  G.  Wilson  and  G.  Gibson, 
and  about  200  acres  were  pegged.  Work  was  done  only  on  the 
Globe,  Globe  Extended,  and  Shipmate  leases.  On  the  last-named, 
Weekly  and  Son  were  reported  to  have  opened  up  a  small  vein 
yielding  5  oz.  assays.  The  Globe  G.M.L.,  after  being  twice  under 
option,  passed  into  the  hands  of  a  syndicate  which,  in  1912,  sank 
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the  main  shaft,  equipping  it  with  steam-winder  and  angle-iron 
poppett  legs,  and  did  most  of  the  mining  shown  on  the  plan.  At 
the  lower  level  water  was  at  first  heavy,  but  soon  eased  to  200  gal- 
lons per  hour. 

In  March,  1914,  it  was  proposed,  but  apparently  the  proposal 
was  not  warmly  supported,  to  provide  more  capital  for  the  develop- 
ment of  the  mine  by  forming  a  local  company. 


Table  sliowing  the  Yield  of  the  Glohe  Gold  Mine. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1910      . . 

1911 

1912 

1913  .. 

Globe,  912n   

Bo.   

Bo.   

Bo.   

tons. 

55-00 
307-35 
393-13 

37-50 

oz. 

32-77 
492-84 
634-64 

23-30 

Total   

792-98 

1,183  55 

2.  Geology. — The  following  remarks  do  not  apply  to  the  neigh- 
bourhood of  shafts  A  and  B,  which  are  in  jasper  bar  country  {see 
below,  page  173). 

All  workings  excejit  the  main  ones,  and  possibly  shafts  10  and 
11  and  potholes  Q  and  R,  are  in  sheared  rocks  of  the  black  schist 
type  {see  above,  page  71),  which  occasionally  carry  small  (and 
apparently  barren)  quartz  stringers. 

The  ore  of  the  main  workings  has  come  from  quartz  veins, 
some  dipping  steeply,  others  almost  flat,  contained  in  carbonate- 
fuchsite  rock,  the  approximate  limits  of  which  are  indicated  on  the 
plan.  Although  this  rock  is  usually  accompanied  by  ])or])hyry,  no 
sign  of  the  latter  was  found  in  any  of  the  Globe  workings. 

Tlie  workings  at  the  nortli  end  of  the  mine,  down  to  the  108ft. 
level,  are  on  an  east-di])ping  quartz  vein  and  its  branches.  This 
\ein  is  usually  called  the  "northern  ore-body"  and  was  the  first 
found.  The  Inter,  more  extensive,  soutli  workings  are  on  a  Avest- 
dippiiii:'  Nciti  and  its  bi'juiclies  (the  '^soutliern  oi'e  body"). 

The  nortliern  l)0(ly  was  at  its  best  between  the  2r)fl.  and  54 ft. 
levels,  where  it  was  occasionally  Ift.  Gin.  wide,  hut  was  liable  to 
break  up  into  mvw  tlu-eads  of  (|UMrt/.  At  70ft.  it  becaiue  tlat  and 
died  out. 

Tlic  southern  oi-('-l)o(iy  is  probably  a  w<>st -dipping  vein  crossed 
by  small  west -dipping  faults  along  Avhieli  the  values  are  higher 
than  in  the  main  fissure.  This  structure  recalls  the  ore-occurrences 
of  parts  of  the  Commodore  and  lnglisto!i  Mines.      The  small  rich 
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veins  ^Yorked  at  the  67ft.,  98ft.,  and  210ft.  levels,  and  the  flat  parts 
of  the  stope  above  the  120ft.  level,  which  are  really  on  branches, 
and  not  on  the  main  body  (Fig.  52),  are  examples  of  the  import- 
ance of  spurs  in  this  mine.  At  the  98ft.  level  several  flat  heads  have 
yielded  gold.  One  carried  no  quartz  but  yielded  crystalline  gold 
which  could  be  brushed  into  a  dish  when  a  fresh  section  of  the  head 
had  been  exposed. 

The  relation  of  the  flat  spur  at  the  210ft.  level  to  the  other  veins 
and  fissures  in  the  fuchsite  rock  is  illustrated  in  Fig.  52.  Probably 
the  '^secondary  head"  is  the  earliest  feature;  next  came  the  barren 
veins.  The  auriferous  vein  and  "main  head"  were  contemporaneous, 
but  there  is  no  evidence  as  to  the  relative  age  of  the  arsenopyrite 
impregnation. 


X.— QUEEN  OF  THE  HILL  LODE  AND  SIMILAR  DEPOSITS. 

(Plate  XIII.,  Sheets  3,  5,  and  7.) 

1.  History,  etc. — Very  soon  after  the  discovery  of  the  Paddy's 
Flat  Lode,  the  neighbourhood  of  the  Queen  of  the  Hill  Lease,  wliere 
fine  colours  could  always  be  obtained  by  panning,  attracted  atten- 
tion. Owing,  however,  to  the  thickness  of  the  "cement"  few  serious 
attempts  were  made  to  find  the  parent  ore-body. 

The  "Tidal  Wave"  (411n),  held  for  a  few  months  in  1901  and 
1902  by  W.  C.  Smith  and  others,  who  obtained  6.01  ozs.  from  20.75 
tons  of  ore,  was  the  first  real  prospecting  effort  in  this  neighbour- 
hood.* 

In  October,  1909,  W.  Hazzard  applied  for  the  "Queen  of  the 
Hill'  (931x),  which  covered  ground  formerly  held  as  prospecting 
areas  by  C.  M.  Roberts,  G.  M.  Little  and  others.  A  shaft  was  sunk 
to  80  feet  and  apparently  some  payable  ore  was  found.  In  Decem- 
ber, 1910,  after  10  months'  option,  the  lease  was  purchased  by  the 
Oroya  Exploration  Co.,  Ltd.  Nearly  two  years  were  spent  in  fur- 
ther development,  after  which  the  plant  was  erected,  and  crushing 
began  in  Februars^,  1913.  With  the  Queen  of  the  Hill  lease,  on  which 
most  of  the  Company's  work  has  been  done,  are  amalgamated  507n, 
637n,  933n,  964x,  1071x,  and  1142n.  Notes  on  some  of  these  leases 
have  been  given  under  the  Ingliston  Extended  Group,  the  othei^  are 
unimportant. 

The  Oroya  Exploration  Co.  at  different  times  held  options  over 
the  Queen  of  the  Hills  East  (1142x),  Remnant  (976n),  Bobs  (961>t) 
and  Bobs  Extended  (960n)  leases,  and  prospected  in  a  small  way 
and  without  success  for  the  continuation  of  the  Queen  of  the  Hill 
Lode. 


*  This  lease  (unsurveyed)  was  on  the  grour.d  now  coTered  by  996n, 
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Tahle  showing  the  Yield  of  the  Queen  of  the  Hill  Lodes. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

Silver 
therefrom. 

1909 

1910      . . 

1  Ql  Q 

lyio     . . 
1914      . . 

Queen  of  the  Hill,  931n 

do.  do. 
Lake  View  and  Oroya  Ex- 
ploration, Ltd.,  Amal- 
gamated   leases    507 n, 
637n,  93lN,  933n,  964n, 
107 In,   1142N  (all  ore 
from  93 In) 
do.  do. 

tons. 
130- 00 
419- 00 

0'±,uov  Ulf 

41,393-42 

oz. 

34-69 
123-90 

1  A  A QQ 

i'i,4:Dy  -  o\} 
16,048-13 

oz. 

oUi- Oi 

637  05 

Total 

76,931-42 

30,676-11 

1,238-62 

There  has  been  prospecting  in  jasper  bar  country  like  that  of 
the  "Queen"  at  intervals  as  far  south  as  the  Globe  G.M.  Mention 
may  be  made  of: — 

The  Fenian  West  (1199n)  and  Golden  Bar  (962n).  These 
liave  been  held  occasionally,  the  former  since  1904,  the  latter  since 
1907.  On  the  latter,  shaft  3,  with  300  feet  of  cross-cutting,  is  the 
only  work  of  note.  Tlie  return  of  (3.69  ozs.  from  24.74  tons  in  1911 
from  "Golden  Bar  Leases"  probably  came  from  Fenian  West  ground. 
The  Fenian  West  Avas  amalgamated  with  the  Golden  Bar  in  1910, 
and  some  work  was  also  done  on  it  in  1913-14  by  a  syndicate. 

On  the  Gold  Queen  (1246n),  which  included  parts  of  9S5n, 
868n  and  995n,  from  which,  in  1913,  17  tons  of  ore  produced  2.07 
fine  ounces  of  gold,  are  a  few  small  workings  in  jasper  bar  country. 

2.  Equipment  of  Queen  of  Hill  G.M. —One  Lancashire 
and  two  Cornish  boilers  supply  steam  to  winder,  air-compressor 
(which  drives  rock  drills,  auxiliary  pump,  Holman  hoist,  etc),  ver- 
tical Cameron  sinking  ])um]i,  fitting  shop  and  sample-mill  engine. 
The  gas  engine,  a  220  b.h.]).  tandem  cylinder  Kynocli,  supplied 
from  a  250  h.p.  Commonwealtli  wood-producer,  drives  the  treatment 
))]ant  (see  (-hapter  IL,  p.  34),  a  dynamo,  and  refrigerating  plant 
of  10  cwt.  ca])acity. 

.3.  Geology — (a)  Country;  (i.)  ''Greenstones.^^ — The  gTeen- 
slones  of  the  (^uoen  of  llie  Hill  G.M.  are  all  of  doleritic  origin.  As 
the  i)lan  shows,  nearly  all  ll>e  country  is  of  the  chloritic  slate  type 
already  mcnt ioncnl  in  dealing  with  the  Commodore  G.M.  In  tlie 
weal lici'cd  /one,  lliis  rock  is  sometimes  completely  bleached  and  the 
slicai-iiig  obscured,  hi  this  Foi-in  it  has  somelinies  been  mistaken  for 
kn(»linis('(l  |»oi-|)li\  i  \ . 

The  (h'cked  sciiists  are  iiiaiidy  (U'velopcd  in  the  south-eastern 
p;iil  of  the  mine.  \^},.,],  from  No.  3  level,  is  regarded  as  tlie  type 
specimen  of  llie  decked  seliisis  (sec  Ciiapter  Vll). 
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The  strike  and  dip  of  the  gxeenstoiies  are  very  variable  owing-  to 
the  earth-movements  which  formed  the  lode-cliannel. 

(ii)  Jasper  Bar.  The  ore-deposits  in  the  ''Queen"  and  lesser 
workings  enumerated  above  are  closely  associated  with  the  jasper 
bars,  of  which  a  general  description  is  given  in  Chapter  IV.,  p.  82, 
From  the  general  geological  map  of  the  Area,  it  will  be  seen  that 
all  the  working's  are  probably  on  one  Jasper  Bar,  and  that  Ihis 
shows  an  easterly  twist  at  its  north  end.  The  bar  is  generally  re- 
garded as  east-dipping  in  the  Queen  of  the  Hill,  but  evidence  for 
this  is  scanty. 

(b)  Ore-deposits,  (i)  Queen  of  the  Hill  Lodes.  These  are  all 
situated  where  faults  striking  about  north  and  south  cut  obliquely 
tlirough,  and  to  some  extent  dislocate,  the  jasjier  bar.  The  struc- 
ture and  chemical  composition  of  the  Ijar  have  caused  the  deposition 
of  gold  in  it  near  the  fissures.  Where  these  fissures  traverse  ordin- 
ary country  such  deposition  has  not  taken  place. 

The  plan  of  the  Belt  shows  that  these  fissures  are  probably 
s]:)nrs  from  the  main  lode-channel  of  Paddy's  Flat.  The  chloritic 
slates  are  proved  in  the  Commodore  G.^I.  to  be  unfavourable  for 
ore-deposits,  but  in  those  j^laces  where  they  have  been  converted 
into  jasper  bar  material,  as  in  the  Queen  of  the  Hill,  they  become 
favourable. 

Three  lines  of  lode,  associated  with  fissuring  of  the  jasper  bar, 
are  recognised  in  the  "Queen" : — 

The  Main  Ore-channel  lies  along  a  west-dipping  thrust-zone  by 
which  the  jasper  bar  has  been  dislocated.  This  zone  is  bounded 
by  two  planes,  which  are  found  at  distances  from  one  another 
varying  from  a  few  inches  to  30  or  40  feet,  and  are  generally  called 
the.  eastern  and  western  fault  ])lanes.  The  same  thrust-zone  can 
be  seen  to  the  north  in  shaft  VT.  and  to  the  soutli  in  the  Consols 
North  shaft.  It  was  the  finding  of  the  zone  in  the  latter  place,  in 
1911,  which  led  to  tlie  report  that  the  Ingliston  Consols  lode  had 
been  cut. 

The  jasper  bar  has  been  dislocated  along  the  Main  Ore-channel 
and,  since  the  jasper  is  apparently  a  precipitant  of  gold-bearing 
solutions,  ore-deposits  knoAvn  respectively  as  the  northern  and  main 
bodies  have  been  formed  against  both  dislocated  ends  of  the  jasper 
bar.  The  amount  of  dislocation  lessens  with  depth,  and  the  ends 
have  not  slipped  quite  past  one  another,  so  that  tlie  two  ore-bodies 
are  continuous  at  the  loAver  levels. 

It  appears  that,  while  the  main  part  of  the  jasper  bar  is  pinch- 
ing out  at  depth,  the  northern  dislocated  part  is  enlarging.  With 
increasing  d(!])th,  the  uj:)per  level  conditions  may  thcrcfoi'c  be  ex- 
pected to  reverse,  and  the  northern  body,  which  is  small  near  the 
surface,  to  become  large  while  the  main  body  decreases;  i.e.,  the 
future  developmenl  of  the  mine  will  be  lo  Ihe  north. 
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Ore-deposits  along  the  Main  Channel  were,  almost  to  the  sur- 
face {see  Fig.  59),  limited  by  the  eastern  and  western  fault-planes, 

Fig.  59. 


I'hot. 


(|(!  ('.  Chirlu 


Open  Cut,  Queen  of  the  Hill  G.M.,  looking  north.  East  side  of  open 
*  cut  is  l)Oth  east  fault-plane  and  foot-wall  of  lode.  Contorted 
Jasper   lode    shows  to  left  of    drive,  which  is   north  part  of 
80ft.  level. 
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and  there  was  no  "spread  enrichment"  *  in  the  zone  of  oxidation, 
nor  is  there  reason  to  expect  any  permanent  narrowing-  of  the  area 
within  which  gold  has  been  deposited,  below  this  zone. 


*  As  distinct  from  secondary  enrichment  which  did  occur. 
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The  main  channel  is  crossed  above  the  No.  2  level  by  some  rather 
flat,  east-clipping  faults  which  have  caused  "intrusions"  of  non- 
auriferous  jasper  into  the  channel  (see  Figs.  60  and  61,  also  sec- 
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tion  in  Plate  XIX.).  In  the  lower  levels  "cross-courses"  (vertical 
joint-planes,  apparently)  strike  across  the  lode.  On  one  side  of 
these  the  ore  generally  shows  enrichment,  and  on  the  other,  impover- 
ishment. 

The  "A'"  lode  has  been  most  extensively  worked  as  a  separate 
body  at  the  No.  2  level.  It  lies  west  of  the  main  ore-channel, 
borders  on  a  fault-plane,  which  dips  west  at  about  45°  and  joins 
the  main  ore-body  at  the  south  end  of  the  open-cut. 

The  "B''  lode  is  east  of  the  Main  Ore-channel  and,  like  "A" 
lode,  borders  on  a  west-dipping  fault,  which  does  not  lie  entirely 
within  the  jasper  and,  on  reaching  the  ''hanging-wall''  of  the  latter, 
loses  values,  as  shown  in  Fig.  62.* 


Sketch  showing  limitation  of  ore  in  "B"  Lode,  Queen  of  the 
Hill  G.M.,  to  that  part  of  fault  which  is  in  jasper  bar 
(by  L.  B.  Williams). 

(ii)  Other  Deposits  of  the  Queen  of  the  Hill  ti/pe. — Fenicm 
West.  'The  jasper  bar  yields  low  values  along  a  west-dip] ;ing  fault 
wliich  strikes  almost  i)arallel  instead  of  obliquely  to  the  course  of 
the  bar.  This  fault  is  itself  faulted  by  planes  wliicli  dip  east  at 
rather  low  angles  (Fig.  63)  and  are  similar  to  the  faults  causing  the 
"intrusions"  in  the  "Queen"  lode. 

Globe  G.M.  Shaft  ^^A"  has  already  been  mentioned.  The  work- 
ings are  on  an  irreg"ular  vertical  vein  about  2ft,  wide  which  strikes 
in  a  north-west  direction  into  the  jasper  bar.  Values  appear  to 
have  been  confined  to  the  south-west  wall  of  the  vein.  Shaft  "B" 
shows  merely  a  section  through  jasper  bar  material. 


Fig.  62. 


♦  For  which  the  writer  is  indebted  to  Mr.  L.  B,  Williams. 
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The  "workings  on  the  Eldorado  (935n)  and  other  leases  men- 
tioned in  the  historical  section  throw  some  light  on  the  general 
geology  in  their  vicinity,  but  have  disclosed  nothing  of  economic 
value. 

4.  Future  Prospecting.  Important  gold  deposits  of  the  Queen 
of  the  Hill  type  can  only  be  expected  where  a  jasper  bar  is  crossed 


Fig.  63. 


CROSS  SECTION  OF  PART  OF 

FENIAN  WEST  WORKINGS 

G    M   U  963- 
MEEKATHARRA  DISTRICT 


SHAFT  N"! 


obliqiu'ly  l)y  a  slrong  fissure.  Since  the  main  ore-cluuinel  nud 
jjispei-  h}i!  s  are  |)}irallel,  excc))!  wliore  I  lie  laller  Imve  their  easlerly 
twisl,  it  a|»|>('ars  iiiilikcl\-  Mial  any  oilier  d('|)()sil  of  lliis  lyiie  will  be 
found. 

i)('|»osils  rcnnincraliNC  (o  small  pailics  may  occur  wlierexcr  (he 
jasper  hars  apjx'ar  to  he  I'aiillcd.    An  cxaiiiinal  i(»ii  of  the  geological 
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map  of  the  Area  will  show  a  few  such  apparent  dislocations.  Some 
attention  might  also  be  given  to  the  locality  mapped  in  detail  by 
Mr.  A.  Gibb  Maitland  (Fig.  34). 

XI.— WORKINGS  NORTH  OF  YALOGINDA  BELT. 
A.— "Stockholm  G.M."  (Fig.  64). 
1.    History,  etc.    The  abandoned  workings  known  by  this  name 
are  situated  near  Meekatharra  Creek,  about  three  miles  south-west 
of  Meekatharra.    They  were  worked  during  1912,  when  a  lease  of 
the  above  name  was  applied  for  but  abandoned  before  survey. 


Table  shoiring  the  Yield  of  the  Stockholm  Gold  Mine. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1912 

1913  .. 

Stockholm  (lease  not  surveyed),  1188n 
Stockholm  (1  'ase  not  surveved),  1188n 
(alluvial) 
Do.                 do.  do. 

tons. 

9-9-1: 

86-26 

oz. 
19-17 
1-88 

71-73 

Total   

98  20 

92  78 

2.  Geology,  (a)  Country.  Down  to  the  100ft.  level  the  rocks 
are  greatly  decomposed  schists,  usually  stained  light  green,  which 
strike  N.E.  and  dip  S.E.  at  about  60°.  The  outcrop  of  acid  in- 
trusive (Plate  IV.,  sheet  B)  a  little  east  of  the  Stockholm,  probably 
extends  nearer  the  workings,  for  light  ^een  colouring  of  the  schists 
generally  indicates  in  the  Area  the  in'oximity  of  a  porphyry  dyke. 

(b)  Vein.  The  vein  of  pale  yellow  vughy  quartz,  which  runs 
parallel  to  the  shearing,  never  exceeds  a  foot  in  thickness  and 
dwindles  to  a  few  stringers  in  shafts  4  and  1.  In  the  southern 
workings  the  value  of  the  quartz  is  said  to  have  been  determined  by 
a  "graphite  indicator,"  which  continued  on  its  course  when  the  vein 
cut  out.  Values,  always  obtainable  Avhen  tlie  indicator  ran  in  the 
vein  or  in  the  hanging-wall,  are  said  to  have  disappeared  when  it 
passed  to  the  foot  wall. 

According  to  report  48  tons  from  shaft  4  averaged  nearly 
ly^  oz.,  but  the  vein  was  cut  off  by  a  "disturbance,"  south  of  which 
nothing  was  found.  28  tons,  going  a  little  over  the  ounce,  came 
from  shaft  2.  It  is  said  also  that  2oz.  values  were  obtained  in  shaft 
3. 

About  one  mile  W.S.W.  of  the  Stockholm  a  shaft  has  been  sunk 
24  feet  on  a  "formation"  of  glassy  vughy  quartz  and  limonite, 
which  dips  N.E.  at  60°.  "Specimen  stone"  is  said  to  have  been  ob- 
tained in  sinking  this  shaft. 
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Fig.  64. 


N"3,  Shaft- 


PLAN    OF  WORKINGS 


"STOCKHOLM  G.  M 


E  de  C  Clarke  .        Field  Geologisi:5 

J>UC  I9H 


N  "  4/^  S(ia(r  (7/^///'/A/// 
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3.  Future  Prospecting. — The  porphyiy  dyke  tlioug-ht  to  exist 
near  the  Stockholm  is  a  hopeful  sign,  and  the  surrounding'  country 
deserves  careful  prospecting  for  small  rich  quartz  veins  of  the 
Yaloginda  type. 

B.  Sirdar  Group  (Plate  XX.). 
1,  History,  etc.  The  Sirdar  Group  lies  three-fjuarters  of  a 
mile  Avest  of  the  329  railway  mile-post.  The  Sirdar  (24()x)  Avas 
applied  for  in  January,  1899,  by  E.  Dickson  and  R,  Richards,  and 
was  thus  the  first  ground  prospected  near  Yaloginda,  Tlie  Sirdar 
X'orth  and  Blue  Danube  were  taken  up  a  few  months  later  and  held 
for  a  short  time.  The  Sirdar  was  forfeited  in  190."),  but  lield  again 
(as  the  Criterion)  from  1907  to  1912,  The  Blue  Danube  ground 
was  held  again  under  the  names  of  Calliope  and  Rajah  Ijetweeu 
1902  and  1905. 


Table  showing  the  Yield  of  the  Sirdar  (Iroup. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

tons. 

oz. 

1899      . . 

1899  .. 

1900  .. 
1901 

1903      .  . 

1903  .. 

1904  . . 
1904      . . 

1908  . . 

1909  . . 

1910  .. 
1911 
1912 

Sirdar,  246 n 

Blue  Danube,  2.52n  

Sirdar,  246n  

Do.   

Do.   

CalHope,  4.50n  (former  252n) 
Sirdar,  246n 

Rajah,  .'560n  (fo-mer  4.50n)    .  . 
Criterion,  760n  (former  246n) 

Do.             do.  do. 

Do.             do.  do. 

Do.             do.  do. 

Do.             do.  do. 

38  - 00 

77-50 

80-25 

28-75 
26-50 
43-25 
41  00 
72 -.50 
312-50 
127-00 
115-11 
12-36 

48-99 
*12-71 
168-89 
*37-21 
46 -.53 
*4-90 
26-81 
13-38 
21-04 
7-20 
43-71 
2  24 -.59 
67-64 
65-04 
7-96 

Total   

974  72 

796-60 

*  DolHed  and  specimens. 

2.  Geology — (a)  Country. — The  superficial  deposits  in  tliis 
neighbourhood  are  fully  10ft.  thick.  Underground  the  country  is 
soft,  sheared  and  much  decomjiosed,  usually  carries  (juariz-i)artings, 
strikes  N'.N,E.  and  dips  east  at  about  65°.  Its  minute  structure 
(much  obscured  by  weathering  [341-2]-^  resembles  that  of  the  fine- 
grained epidote-zoisite  ami)hibolite  [3^2]  ^^^m  the  Old  Battery 
Group,  but  the  rock  has  been  mapped  as  part  of  tlie  sheared  am- 
phibolite  belt  of  Yalojiinda.  At  the  south  end  of  the  group,  a  patch 
of  tlie  hiuhly  decomposed,  sup[)osed  massive  amphibolite  noted  above 
(l)age  08)  occurs. 
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(b)  Ferns.— The  "Buck  Reef"  (in  71ft.  level  off  shaft  9)  is  a 
mass  of  veins  of  mottled  blue  and  white  quartz  amongst  which  is 
some  kaolin  showing  mica  flakes.  It  is  thus  probably  a  phase  of  the 
Yaloginda  porphyry  dyke  which  outcrops  nearby.  The  Buck  Reef, 
it  is  said,  yields  good  prospects  where  the  quartz  is  ironstained  and 
obliquely  jointed.  This  large  body  certainly  deserves  more  trial 
and  exploration. 

All  the  other  veins  are  of  glassy  vughy  quartz,  seldom  more 
than  a  foot  thick,  parallel  in  strike  and  dip  to  the  enclosing 
schists  and,  like  most  of  the  Yaloginda  veins,  are  of  the  "kidney" 
type.  Thus  none  of  them  can  be  traced  far  either  vertically  or  hori- 
zontally. Bordering  the  Sirdar  veins,  a  fibrous  decomposed  mineral, 
probably  hornblende,  is  frequently  found. 

There  is  evidence  of  the  junction  of  two  vein-systems  both  in 
the  Blue  Danube  and  in  the  Sirdar  Leases.  It  was  probably  the 
junction  of  the  West  Vein  with  the  Buck  Reef  that  formed  the  rich 
shoot  near  shaft  9.  With  this  exception  the  gold-output  of  the 
group  has  come  from  the  system  of  veins  which  runs  parallel  to 
the  strike  and  dip  of  the  schists.  Traces,  at  least,  of  gold  are  also 
obtainable,  it  is  said,  everywhere  in  the  vein  running  thus  in  the 
Blue  Danube  Lease. 

A  little  work  in  some  small  shafts  about  a  quarter  of  a  mile 
to  the  S.S.E.  has  been  done  on  the  southern  continuation  of  the 
Sirdar  veins.    No  particulars  are  available. 

Half  a  mile  south  of  the  Sirdar  Group  (see  inset  to  Plate  XX.) 
a  few  shallow  shafts  and  more  than  300  feet  of  cross-cutting  lie  in  a 
highly  decomposed  "massive  amphibolite"  of  the  type  already  men- 
tioned.   No  particulars  can  be  got  regarding  these  workings. 


XII.— YALOGINDA  BKLT. 

A  strip  of  country,  extending  about  one  and  a  luilf  miles  north 
and  south  of  Yaloginda  Townsite  and  about  a  mile  wide,  is  doited 
with  small  abandoned  workings,  of  which  the  chief  lie  on  two  low 
liills  carrying  many  jasjier  bars  (Fig.  65).  Geologically,  this  strip 
is  uniform,  and  sliould  be  discussed  as  a  unit.  For  convenience  in 
printing  of  maps,  it  lias  been  divided  into  a  larger  northern  part — 
the  Yaloginda  Belt — and  a  soutlicrn  part — tlie  Black  Jack  Group. 
Names  liave  in  tliis  repoi't  ))eon  given  to  tlic  dilTerent  vein-lines, 
allhongli  tlicii-  continuity  for  llie  dislaiu'cs  mapped  has  not  l)ee!i 
|)roved.  In  localities  without  workings  where  the  vein-lines  are  in- 
dicated, liiturc  |»i-os|)ect ing  is  warranted. 

l^ecords  show  that  the  veins  of  the  ^■alogin(la  P>ell  and  IMack 
Jack    (Jronj)    have    piodiiced    0. 180.81   fine  ounces  of  gold  from 

1.0'J  Ions  of  ore. 
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A. — Historical  Summary. 
The  following-  historical  notes  on  the  more  important  leases  are 
SLipplementary  to  those  in  Chapter  II. : — 

The  Kelpy,  first  occupied  at  the  end  of  1904  was  held  at  inter- 
vals till  1913.*  In  January,  1908,  H.  Reed  and  W.  Hawker  found 
on  it  a  rich  "alluvial"  patch  on  which  about  50  men  worked  for  the 


rest  of  the  year  and  from  which  900  or  l,000ozs.  are  said  to  have 
been  taken.  Tlie  neighbouring'  leases  were  ])egged  during  this  time, 
but  little  gold  seems  to  have  come  eitlier  from  them  or  from  the  vein- 
workings  on  the  Kelpy. 
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The  Batavia  was  applied  for  in  January,  1905,  by  J.  M.  Young 
and  C.  M.  and  J.  A.  Roberts.  It  passed  through  many  hands,  most 
work  being  done  by  Messenger  and  party  in  1907  and  1908.  During 
1909,  when  the  lease  was  held  by  a  syndicate,  there  was  even  rumour 
of  proposals  to  erect  a  wdnding-engine  and  battery. 

The  Rocklee  was  first  leased  late  in  1906  to  F.  Henry  and  J. 
Clarke  and  was  worked  fairly  continuously  for  six  years,  since  when 
little  has  been  done.  In  1910  a  10-head  mill  was  installed  which 
still  occasionally  crushes  for  Yaloginda  prospectors. 

The  Revenue  North,  pegged  by  A..  E.  Sainsbury  and  party  in 
1904  was  held  by  various  people  till  1912,  since  when  it  has  been 
vacant. 

The  Revenue  South,  taken  up  by  D.  A.  Campbell  and  party 
in  1901,  was  held  under  various  names  until  1908. 

The  Revenue  was  applied  for  in  July,  1901,  by  J.  A.  and  C.  M. 
Roberts  and  J.  Dunn,  passed  tln-ough  a  number  of  hands 
and  was  last  occupied  by  J.  W.  Wortliington  in  1912.  In  1908  a 
Cornish  lift  and  accessories  were  installed,  but  little  used,  disagree- 
ment among  the  shareholders  causing  the  abandonment  of  a  promis- 
ing \enture — the  exploration  of  the  rich  '^pipe"  at  depth. 

The  Two  Bells  Leases.— In  the  latter  part  of  1900,  J.  Gordon, 
J.  Toohy  and  others  took  up  the  Two  Bells  lease  and  J.  Greg-son 
and  others  the  Two  Bells  North.  Both  were  held  by  various  parties 
until  forfeited  in  1914,  at  which  time  they,  with  the  Two  Bells  East, 
were  leased  to  the  "New  Santa  Claus  G.M.  Co.,  Ltd." 

The  Black  Jack  Group.— In  October,  1908,  F.  Cook  and  a  party 
of  five  found  an  "alluvial"  patch  (from  which  200  ozs.  were  ob- 
tained), and  immediately  applied  for  the  Black  Jack.  They  after- 
wards found  a  very  ricli  "leader,"  from  which  each  of  the  party  is 
said  to  have  made  £1,500  in  a  very  short  time.  The  main  shaft  was 
sunk  to  100ft.  but  little  ore  was  obtained  below  30ft..  Several  leases 
were  pegged  south  of  the  Black  Jack  and  a  good  deal  of  shallow 
]:>rospeeting  done,  but  except  the  Black  Jack  South,  applied  for  at 
the  same  Ume  as  tlie  Black  Jack  by  H.  Mcintosh,  which  yielded  a 
"dab"  of  2V2C\\'t.  for  GOoz.,  the  results  were  poor.  By  October, 
1912,  all  leases  in  this  grou])  had  been  abandoned  and  no  work  be- 
yond desultorv  prospect ino-  has  since  been  done.  \  lease  (Red  Jack, 
S41x)  wcsl  oi'  (he  Black  Jack  South  is  credited  in  1909  with  4.S5oz. 
rr<»iii  two  tons  of  ore. 

B. — Gkoi.ocv. 

1  ^V^?/n/r?/.— Tlie  ])n]k  of  tiie  Yah)ginda  country  is  made  up 
„r  siieanMl  rocks,  wliicli  strike'  N.N.K.  and  generally  dip  S.E.  at 
about  70^ 

(a)  Horvhiemie  Srhlsls.    These   ro.-ks  have  be<.n   unucA  only 
in  tl...  P.Mtavia  and  adjcm.ing  leases,  hut  are  well  d.-velope.l  west  o 
11,,.  Valo-in.k.   r.elt    (srr  page  (iS).     The  sliear-phnu-s  are  vert  u-al 
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or  dip  very  steeply  in  some  places  east,  in  others  west.  An  account 
of  the  hornblende  schists  will  be  foimd  in  Chapters  IV.  and  VII. 

(b)  Sheared  AmphiboUtes. — Almost  all  the  workings  of  the 
Yaloginda  Belt  are  in  these  rocks,  although  their  proneness  to 
Aveathering  makes  certain  identification  often  impossible.  Ironstain- 
ing  and  bleaching  are  i  articularly  noticeable  in  the  Black  Jack 
Group.  Thus  in  the  west  cross-cut  off  shaft  8  (Plate  XXIII.),  the 
schist  has  for  10  feet  been  changed  into  a  black  compact  ironstone 
which  would  jjopularly  be  described  as  a  jasper  bar.  When  least 
weathered,  these  rocks  are  gxey-green  and  strongly  sheared.  At  hrst 
glance  they  show  some  resemblance  to  the  ''flecked  schists"  of  the 
Queen  of  the  Hill  and  other  mines,  but  in  the  latter  case  the  flecks 
appear  to  be  of  different  material  from  the  rest  of  the  rock. 

As  in  the  Paddy's  Flat  Belt,  so  at  Yaloginda,  finer-grained 
types  of  these  sheared  (doleritic)  ami;hibolites  occur,  the  finer  chang- 
ing into  the  coarser  along  the  strike.  Comparison  of  the  Yaloginda 
sheared  amphibolites  with  gTeenstones  from  other  parts  of  the  Area 
(see  Chapters  IV.  and  VII.  and  Fig.  25)  leads  to  the  conclusion 
that  they  and  the  hornblende  schists  have  a  common  origin. 

(c)  Massive  Amphibolites  {"i). — Small  areas  of  these  massive 
rocks  of  doubtful  nature  (see  above,  pp.  08,  100,  etc.)  occur  in  this 
belt.  It  is  possible  that  they  are  really  ultrabasie  rocks  of  the  type 
next  described. 

(d)  Talc  Serpentine  (?). —  [3^]  fi'om  ilie  S.W.  corner  of  the 
Kelpy  South  lease  is  a  fibrous  chlorite  tremolite  rock  and  is  possibly 
an  altered  talc  serpentine  like  [^^3]  ^^'^^^^  ^^^^  Karangahaki. 

(e)  Albiie  Porphyry. — The  white,  sugary-gTained  rock  from 
shaft  25,  near  the  Kelpy  lease  is  an  albite  |)orphyry,  and  probably  is 
part  of  the  dyke  which  outcrops  to  the  north  (47d)  and  south 
(bk]  and  \_^^-].) 

In  shafts  33  and  31  (North  Revenue  Extended)  tlie  highly 
bleached  schist  has  the  characters  usually  sliown  underground  in 
the  Area  by  sheared  rocks  near  a  porphyry  dyke.  If  such  a  dyke 
exists  here,  however,  it  has  not  yet  been  cut  in  the  workings. 

(f)  Jasper  Bars. — The  positions  of  most,  but  not  all  of  these 
features  are  indicated  on  Plates  XXII.  and  XXIII.  They  run 
parallel  to  the  veins  and  planes  of  shearing.  In  the  few  places 
where  these  jasper  bars  can  be  followed  below  ground  they  do  not 
persist  to  water-level  and  appear  to  be  merely  zones  of  sheared 
amphibolite,  containing  unusually  many  quartz  stringers,  along 
which  meteoric  water,  carrying  salts  of  iron,  etc.,  moved  and  de- 
posited some  of  its  minerals  more  readily  than  elsewhere  {see  fur- 
ther, page  85). 

Jasper  bars  appear  to  have  had  no  influence  on  gold-deposition 
in  the  Yaloginda  Belt  proper. 
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TTie  gold-occurrences  in  the  Black  Jack  Group,  however,  where 
there  is  apparently  a  close  connection  between  the  auriferous  veins 
and  the  jasper  bars  may  be  described  Here: — 

The  Black  J ack  V ein  was  a  band  of  "sandy"  quartz,  a  few 
inches  wide,  lying  west  of  an  "ironstone  bar."  Both  bar  and  vein 
dipped  east  at  about  60°,  and,  in  the  branch  drive  shown,  probably 
received  a  flat  spur  dipping  S.E.  at  25°.  Gold  was  obtained, 
according  to  report,  very  abundantly  from  a  shoot  15  feet  long,  ex- 
tending from  the  surface  to  a  depth  of  15  feet,  below  which  there 
was  a  blank  for  15  feet.  At  a  depth  of  30  feet  9  tons  were  taken 
out,  681bs.  of  which  yielded,  it  is  said,  476  ounces. 

The  Black  Jack  South  Vein. — Very  little  can  now  he  seen  of 
this.  Its  '"track"  is  apparently  a  floury  seam  of  limonite,  the  course 
of  which  is  marked  as  the  vein  on  the  map  (PI.  XXIII.).  At  the 
north  end  of  shaft  12  workings,  a  lens  of  white,  glassy  porous 
quartz  occurs  on  the  hanging-wall  of  the  limonite  seam,  and  is  evi- 
dently due  to  replacement  of  the  country  {see  Fig.  71). 

The  vein  in  shaft  21  has  much  the  same  character  as  the  Black 
Jack  South  vein. 

The  inconstancy  of  veins  in  the  Black  Jack  Group  is  illustrated 
in  Fig.  71,  No.  2.  Although  the  vein  figured  dies  out  altogether  be- 
low, it  can  be  followed  some  distance  horizontally. 


Table  showing  the  Yield  of  the  Black  Jack  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1908      . . 
1909 

Black  Jack,  834n   

Do.   

Total   

tons. 
9- 00 

10-00 

oz. 
1,095-21 
*332-86 

17-59 

19  00 

1,445-66 

*  Dollied  and  specimens. 

Talde  showing  Ihe  Yield  of  the  lUack  Jack  South  Vein. 

Year. 

Name  and  Number  of  Lease. 

Ore  Gold 
crushed.  therefrom. 

1 909 
1910 
1910 
1911 

Black  Jack  South,  833n 

Do.   

(Jroat  Jack,  924  n   

Jilack  Jack  South,  833n 

Total 

tons. 
•10 
9-50 
24-50 

oz. 
73-81 
39-91 
5-83 
*59-24 

34  10 

178  79 

♦  Dollied  and  s|)('ciiU(Mis. 
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Fig.  60. 


A 


Typical   Sections  of  Yaloginda  Veins. 

Scale:    12ft.  =  lin. 

A.  Yaloginda  Belt,  Shaft  6 — Branching  vein — section. 

B.  'i'aloginda  Belt,  Shaft  22 — Branching  vein — plan. 

(I.  Yaloginda  Belt,  Shaft  4.3  — North  Kevenue  Vein — section. 

D.  Yaloginda  Belt,  Shaft  65 — Ecrin  Vein — section. 

E.  &  El.  Yaloginda  Belt — Sections  of  Eocldee  Vein  in  73ft. 

level  and  below  45ft.  level. 

F.  Yaloginda  Belt,   Shaft  85 — Eelation  betw^een  compact 

and  ''sngary"  quartz. 
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2.  Veins. — The  ore-bodies  of  Yaloginda  are,  with  the  exception 
of  the  Black  Jack  Veins,  lenticular  quartz  veins,  parallel  to  the 
planes  of  shearing.  The3^  are  due  rather  to  replacement  of  the 
country,  than  to  the  filling  of  open  fissures  {see  Figs.  66  and  71). 

They  dip  east  almost  without  exception.  Strong  slickensiding 
is  nearly  always  visible  in  the  rocks  forming  the  hanging-  and  foot- 
walls,  showing-  that  movement  took  place  along  the  vein-fissure 
before  filling.    The  striae  nearly  always  dip  north  at  about  45°. 

The  veins  are  mapped  as  more  continuous  and  uniform  than 
they  really  are.  The  largest  "kidne3^s"  now  left  are  seldom  more 
than  two  feet  thick  and  are  usually  mere  stringers,  frequently  dying- 
out  and  re-appearing  further  on  in  the  same,  or  a  neighbouring, 
shear-plane.  In  some  places,  white  stringers  transverse  to  the  shear- 
planes  are  fairly  abundant,  are  apparently  quite  barren,  and  are  cut 
by  the  auriferous  veins.  They,  therefore,  belong-  to  a  period  of 
barren  quartz-injection  later  than  the  shearing  and  earlier  than  the 
auriferous  solutions. 

On  the  other  hand  at  the  north  end  of  the  120ft.  level  on  the 
Revenue  North,  a  Gin.  iron-stained  quartz  vein  cuts  across  the  shear- 
planes  and  the  auriferous  quartz.  dii)ping-  west  at  35°. 

Some  notes  regarding  individual  \eius  may  be  added : — 

(a)  Batavia  (PI.  XXII.,  sheet  1).  — The  largest  lens  of  quartz, 
seen  in  shaft  H,  varies  in  thickness  from  three  feet  to  one  foot, 
and  is  only  slightly  greater  in  length  and  depth.  There  is  a  fairly 
continuous  zone  of  quartz-impregnated  country  between  H  and  J, 
but,  beyond  these,  quartz  is  scarce.  There  is  some  stoping  off  J, 
and  .30  tons,  averaging  9dwt.  per  ton,  are  reported  from  I.  The 
country  in  I  shaft  shows  pyrite  and  is  said  to  yield  prospects. 

The  Batavia  Group  is  difficult  to  mine  owing  to  the  hardness  of 
the  country  and  the  smallness  and  irregularity  of  the  veins. 


Talde  sliov:in()  the  Yield  of  (he  Batavia  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

tons. 

oz. 

1905      . . 

]iatavia.  578n   . . 

10  00 

1417 

1906 

Bo.  '   

41  00 

68-73 

1907 

Do.   

79-00 

72-32 

1910 

Do.   

20  00 

8-95 

*l-90 

19i:} 

lv(!jcctc(l  1240N   (former  .578n) 

120  00 

14-53 

Total 

276- 00 

180  60 

*  Dollied  and  spceimcns. 
(I))  Kcljiii  (Old  iicii/lilxiHriii;/  reins  (IM.  XXII.,  sliecls  1  and  2). 


--Tiic,  Kelpy  Nciii  is  in  l\\<»  seelioiis  Hie  sonllieni,  behveen  slial'ls 
29  and        if?  h-aeeable  loi'  100  feet  horizontally  and  40  feet  verti- 
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cally.  The  northern,  from  Avliich  the  gold  of  the  alluvial  paich 
came,  has  been  followed  for  200  feet  x  90  feet,  between  shafts  17 
and  22.    Shafts  9  and  10  are  also  probably  on  this  vein. 

Three  other  lines  of  vein  occur  near  the  Kelpy — ^an  eastern, 
Traced  for  150  feet  x  50  feet,  a  middle,  traced  for  50  feet  x  20  feet, 
and  a  small  vein  in  shaft  13,  which  dips  west  at  about  -10°. 

The  total  amount  of  sloping  on  all  these  veins  is  quite  insigni- 
ficant, but  the  bulk  of  the  gold  has  come  from  the  Kelpy  and  middle 
veins. 


Table  showing  the  1  ield  of  the  Kelpy  Veins. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1905  . . 
1908  . . 
1910 

Kelpy  South,  579 n 

Golden  Calf,  759 n  (former  579n) 

Kelpy,  771n 

tons. 
10-50 
25-00 
70-00 

oz. 

13-22 
13-02 
31-28 

Total   

105  50 

57-52 

(c)  Eevenue  Xorth  or  Brand's  Vein  (Pis.  XXV.  and  XXII., 
sheet  2). 

The  main  work  is  in  the  south  part  of  541N;  Avhere  tlie  vein  has 
been  followed  for  260  feet  x  120  feet.  Its  remnants  do  not  exceed 
one  foot  in  thickness,  and  it  has  badly  defined  hangmg-  and  foot- 
walls.  Probably  the  same  vein  is  in  shafts  35  and  36.  Shaft  35  is 
at  the  junction  of  a  "leader"  with  the  main  vein.  G.  Hawker  is  said 
to  have  folloAved  this  junction  down  to  90  feet  and  to  have  taken  out 
12  tons  of  quartz  averaging  liy20zs.  per  ton.  Shaft  36  gave  12 
tons  for  an  average  of  14dwt.  per  ton. 


Table  showing  the  Yield  of  the  Revenue  North  Vein* 


Year. 

Name 

and  Number  of  Lease. 

Ore 
crushed . 

Gold 
therefrom. 

1904  . . 

1905  . . 

1906  . . 
1907 

1908      . . 
1909 

1910  . . 

1911  .. 
1912 

Revenue,  North,  54 In 

Do.  do.   

Do.  do.   

Do.  do.   

Do.  do.   

Do.  do.   

Do.  do  

Do.  do.   

Do.  do.   

tons. 
20-75 
28-25 
22-00 
188-50 
76-00 
184-00 
236-00 
122-58 
82-75 

oz. 

10-30 
15-34 
18-91 
89-00 
23-55 
66-24 
239-38 
62-59 
52-71 

Total   

960  83 

578-02 

f)n  the  Revenue  North  Lease  are  workings  on  both  the  Revenue  North 
and  Revenue  Veins,  but  very  Httlc  ore  appears  to  have  })cen  crushed 
from  the  latter. 
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(d)  The  Meveniie  West  Vein  (PI.  XXII.,  sheet  3)  has  been  fol- 
lowed for  400  feet  x  54  feet,  and  a  probable  northern  continuation 
is  found  in  shaft  50.  Except  in  one  or  two  bulges,  it  is  barely  one 
foot  thick.  Prospects,  it  is  said,  can  be  obtained  by  panning  off  the 
schist  bordering  on  the  vein  even  when  the  schist  is  apparently  de- 
void of  quartz. 


Table  showing  the  Yield  of  the  Bevemie  West  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed . 

Gold 
therefrom. 

1904 

1905      . . 

Revenue  West,  534n  . . 

Do.   

tons. 
36-50 
31-00 

oz. 

12-54 
.1-91 

Total   

67-50 

24-45 

(e)  The  Ecrin  Vein  (PI.  XXII.,  sheet  3)  has  been  followed  for 
350  feet  x  85  feet,  A  possible  north  continuation  is  in  shaft  62, 
where  a  shear-plane  with  little  quartz,  but  with  flat  leaders  on  both 
sides  has  been  followed.  The  quartz  is  in  some  places  white  and 
glassy,  in  others  sandy.  Otherwise  this  is  like  the  West  Revenue 
Vein.  Ore  has  been  taken  mainly  above  the  42ft.  level  and  for  20 
feet  above  the  75ft.  level  in  shaft  67. 

The  only  recorded  yield  is  17.24oz.  from  46.00  tons  in  1900. 

(f)  Revenue  Vein  (Pis.  XXII.,  sheets  2  and  3,  and  XXV.).— 
Quartz  thought  to  belong  to  this  vein  has  been  found  outcropping 
or  in  workings  over  a  distance  of  nearly  3,300  feet,  and  has  in  one 
place  been  followed  to  a  depth  of  230  feet. 

In  shafts  33  and  34  the  quartz  is  either  white  and  sandy,  or 
glassy  and  is  only  a  few  inches  thick.  A  small  crushing  averaging 
lloz.  per  ton  is  said  to  have  been  taken  from  shaft  33. 

In  shafts  45  and  46,  the  vein  is  just  as  small  and  irregiilai',  and 
does  not  appear  to  have  yielded  any  ore. 

Between  shafts  45  and  54,  it  has  been  nncovered  al  short  in- 
l(;i'vals  and  is  apparently  a  fairly  strong  body  of  quartz. 

At  I  lie  iioi-lii  end  of  tlu^  main  workings  tlic  vein  is  2in.  to  6in. 
oi"  granular  but  coliercnt  (|uai'l/,  stnincd  with  ii'on  oxide.  At  the 
south  end,  it  increases  in  width  to  one  fool.  It  lies,  generally  to- 
wards the  hanging-wall  side,  in  a  zone  of  strongly  sheared  country 
two  or  three  feet  wide.  It  is  met  by  a  west-dipping  vein — probably 
of  lalei-  dale    al  the  soulli  end  of  the  main  workings. 


187 


Its  supposed  soutliem  continuation  has  assumed  rather  the 
character  of  a  "lode  formation,"  there  being",  in  shafts  C3  and  64, 
two  well-marked  walls  about  three  feet  apart,  containing  bleached 
schist  with  a  few  quartz  stringers. 

The  workings  off  shaft  63  were  once  more  extensive,  and  are 
said  to  have  been  occasioned  by  the  finding  of  a  single  "floater"  con- 
taining 6  or  7  ounces  of  gold. 

The  lievenue  "pipe"  of  gold  was  found  at  the  surface  in  shaft 
54  and  appeared  to  end  at  the  30ft.  level,  for  which  reason  the  first 
lessees  abandoned  work.  Their  successors  drove  30  feet  south  at 
the  30ft.  level  and  found  the  pipe  again.  From  this  point  it  was 
followed  down  till  it  crossed  the  main  shaft  at  230  feet.  The  pipe 
was  one  foot  wide  and  is  said  to  have  averaged  7ozs.  to  the  pound. 
Although  the  vein  was  stoped  for  50  feet  on  each  side  of  the  rich 
quartz,  it  is  reported  to  have  been  quite  barren.  No  suggestion  as 
^to  the  origin  of  this  shoot  can  be  offered.  It  is  said  that  in  its 
neighbourhood,  the  vein  showed  joints  which  ran  very  obliquely  to 
the  strike  of  the  vein  and  carried  as  much  as  one  inch  of  gouge. 


Tcible  bJiowing  the  Yield  of  the  Revenue  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1904 
1905 

1905      . . 
1905      . . 
1906 
1907 
1908 

Kevenue  South,  551n  (later  744n)    . . 

Do.           do.  do. 
Revenue  North  Extended,  556n 
Revenue,  531  x  . . 

Do.   

Do.   

Do.   

tons. 
38-25 
75-50 

'•37 
9-38 
•10 
5-40 

oz. 

30- 09 
39-96 
*4-87 
1,173-55 
1,903-38 
l,0f8-67 
604-38 

Total   

129  00 

4,764-  90 

*  Dollied  and  specimens. 

(g)  Rocklee  Vein  (PI.  XXII.,  sheet  2).— This  has  been  followed 
horizontally  for  about  400  feet,  and  in  one  place  mined  to  a  depth 
of  240  feet.  Its  probable  extensions  are  shown  on  the  plan.  It  is 
a  typical  vein  of  the  Yaloginda  type,  rarely  exceeding  one  foot  in 
width,  and  in  part  at  least  formed  by  replacement  (Fig.  66,  E  and 
E).  Southwards  (shaft  48)  the  vein  breaks  up  into  small  stringers 
and  seems  to  pass  into  one  of  the  jasper  bars. 

It  is  reported  that  general  samples  along  the  cross-cuts  off  the 
main  shaft  and  shaft  40,  where  the  schists  show  many  parallel 
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stringers,  assayed  3dwt.  per  ton.  '  However,  a  general  sample 
(lab.  no.  7109)  taken  by  the  writer  in  the  first  locality  yielded 
only  a  trace  (less  than  9  grains  per  ton)  of  gold,  and  another  (lab. 
no.  7710)  of  the  quartz  stringers  in  the  same  cross-cut  gave  the 
same  result. 


Table  showing  the  Yield  of  the  Rocl'lee  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 

Ol  UolltJU.. 

Gold 

1907 
1908 
1909 
1909 

1909  . . 

1910  . . 
1911 

1914  .. 

Rocklee,  709n  

Revenue  Proprietars%  770n    . . 

Rocklee,  709n  . .  "  

Rocklee  South,  857n  . . 
Rocklee  Leases,  709n  and  857n 

Do.  do. 

Do.  do. 

Do.  do. 
Pariah  (part  of  former  709n),  1260n  . . 

tons. 
104- 00 

10-50 
232-00 

41-00 

68-00 
225-50 
194-31 

30-00 

oz. 

86-73 
8-99 
186-57 

34-85 
*.44 

56-81 
107-01 
150-28 
5-38 

Total   

905  31 

637-06 

*  Dollied  and  specimens. 

(h)  Two  Bells  Veins  (PI.  XXII.,  sheet  4).  Three  parallel  veins 
have  been  worked  in  the  'T\vo  Bells  and  Two  Bells  North  Leases. 

(i.)  Tlie  Xorth  Vein.  This  gave  all  the  ore  from  the  Two  Bells 
North  lease.  It  can  be  traced  south  for  about  450  feet  to  the  cross- 
cut off  the  main  shaft  (where  it  is  breaking  up),  and  has  been 
worked  to  a  depth  of  70  feet.  From  the  sha.])e  of  the  slopes  (PI. 
XXV.)  values  would  seem  to  have  been  in  a  south-pitching  shoot. 

(ii)  The  Middle  TV/??  lias  i^roduced  the  Two  Bells  ore.  Owing 
to  the  state  of  the  workings  it  is  im])ossible  to  give  any  account  ot 
the  vein  or  tlie  ]:)robable  distribution  of  values.  In  the  workings  off 
tlie  main  shaft  at  140ft.  the  vein  is  represented  l)y  an  Sft.  zone  of 
sheared  and  contorted  schist  in  wliicli  run  several  irregular  quartz 
xciiis. 

(iii)  yJie  South  ]'<'in  lins  given  some  ore  fi'oni  slint'ts  91  and 
92.  its  nortli  extension  can  be  traced  in  the  14()t't.  le\el  on  tlie 
iiKiin  shall  and  in  tlie  ciist  ci-oss-cut  off  shaft  90.  Beyond  sluifl  88 
its  southern  coiii'sc  is  uiil<no\\ii.  hut  |)ossil)ly  it  is  cut  in  sliafl  87, 
whci'c  iron-sl aincd  bands  in  the  scliisi  curry  suuill  (|uarl/,  sti'ingers. 

'I'lic  Two  Px'lls  \'('ins  rcseiiihh'  in  cn cry  \\;iy  the  Kelpy  and 
otiici-  ^  aloginda  xcins. 
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Table  shoicing  the  Yield  of  the  Two  Bells  Veins. 


Year. 


Name  and  Number  of  Lease. 


Ore       I  Gold 
crushed.    |  therefrom. 


1906 
1907 
1907 
1909 


1910 

1910 
1910 
1911 
1911 
1912 
1914 


Two  Bells,  675n 
Do. 

Two  BeUs  North,  695n 
Two  BeUs,  675n 
Two  BeHs  North,  695n 
Saracen,  845n   .  . 
Yaloginda   Consols  G.M. 

675N  and  859n 
Two  Bells  North,  695 n 

Do. 

Do. 

Do. 

Do. 

New   Santa  Claus  G.M. 
675n  and  859n 
Total 


Co.,  Ltd 


Co.,  Ltd. 


24  •  00 

81  •  50 

92-84 

47-00 

19-65 

49  00 

65-86 

20-00 

40-86 

60-00 

9-93 

58-00 

31-16 

82-00 

72-57 

*l-75 

84-72 

77-53 

*4-38 

60-41 

41-78 

50-00 

10-15 

616-63 

510  46 

*  DoUied  and  specimens. 

(i.)  Other  Veins. 

(i.)  Shaft  38  (PL  XXII.,  sheet  2)  shows  2  feet  of  quartz  in 
highly  bleached  schist.  This  is  on  the  Revenue  East  ground,  and 
apparently  produced  the  crushing-  of  l,046.44oz,  from  18.15  tons 
recorded  from  that  lease  in  1904.  This  shaft  is  said  to  have  pro- 
duced, in  later  days,  a  crushing  (tonnage  unknown)  averaging-  5dwt. 
per  ton. 

(ii.)  The  veins  in  shafts  2  and  3  (sheet  2),  in  shaft  56  (sheet  3) 
(followed  to  a  depth  of  61ft.),  and  that  in  shafts  82  and  84  (sheet 
4),  which  may  be  traced  the  whole  length  of  the  Revenue  Consoli- 
flated  lease,  deserve  only  mention. 

(iii.)  Shaft  85  (sheet  4).  The  vein  in  this  shaft  belongs  really 
to  the  Black  Jack  Group.  It  is  1ft.  6in.  wide,  but  shows  a  bulge 
3ft.  wide  in  the  hanging-wall,  which  is  filled  with  brecciated  quartz. 
Its  quartz  is  in  some  places  blue  and  compact,  in  others  sugary, 
and  in  the  latter  case  is  thickly  peppered  with  small  ]iyrite  crystals. 
The  compact  blue  fjuartz  ap])arently  results  from  the  re-cementing 
of  the  sugary  variety  (Fig.  66,  F). 

North  of  the  Black  Jack  a  number  of  similar  but  smaller  veins 
liave  been  opened  up,  with  no  results. 

(iv.)  On  and  near  the  Lady  Mary  lease  (PI.  XXIV.,  sheet  1), 
taken  up  in  1908  by  J.  M.  Gibbons  and  })aTty  and  forfeited  tliree 
years  later,  are  some  small  workings  wliicli  disclose  veins  and  rocks 
of  the  usual  Yah)gin(hi  type,  and  also  a  cross-vein  di})i)ing  S.W. 
at  a  low  angle. 
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Table  shoicing  the  Yield  of  the  Lady  Mary  Lease. 


Year. 

Name  and  Number  of  Lease. 

Ure 
crushed. 

therefrom. 

1909 
1911 

Lady  Mary,  897 n   

Do.   

tons. 
34-00 
43-00 

oz. 

20- 02 
11-04 

Total   

77  00 

31  06 

XIII.— KARANGAHAKI  BELT.    (Plate  XXIV.  and  Figs. 
68  and  69.) 

This  belt  covers  the  strip  extending  from  the  Karangahaki  io 
the  Mystery  (1236n),  a  distance  of  about  two  miles.  It  differs  from 
the  Yaloginda  Belt  mainly  in  the  character  of  the  auriferous  bodies. 

A. — Historical  Sumjmary. 

At  the  beginning  of  1902,  the  New  Murchison  King  Co.  and 
several  other  parties,  including  J.  A.  and  C.  M.  Roberts,  successively 
held  the  Karangahaki  ground  (Plate  XXIV.,  sheet  2).  T.  N.  Kirk- 
land  met  with  the  greatest  success,  and  in  1908  his  lease  was  trans- 
ferred to  F.  B.  Trude,  who  formed  a  company  known  as  the  Karan- 
gahaki Mines,  Ltd.  A  ten-head  mill,  cyanide  plant,  etc.,  were  in- 
stalled and  towards  the  end  of  1999,  the  mine  was  reported  to  have 
repaid  tlie  whole  cost  of  machinery  and  development  and  to  be  em- 
ploying 50  men.  However,  from  all  accounts,  the  lode  was  disap- 
pointing when  opened  out  at  300  feet  early  in  191L  In  consequence, 
I  lie  plant  was  sold  and  nothing  has  been  done  on  the  ground  since. 

The  Gibraltar  lease,  originally  lield  in  1902  by  the  Murchison 
King  G.M.  Co.,  under  the  name  oF  Phantom,  was  most  worked  by 
C.  H.  Ord  and  party,  by  wliom  a,  ballery  was  erected  in  1909.  Little 
ore  was  crushed,  partly,  il  is  said,  owing  to  diCnculty  in  obtaining 
water,  and  the  battery  was  i-emox-ed  to  tlie  Hornsby  {see  i)age  201  ). 

The  Great  Oversiglit  k^nse  (7:]1n)  (Plate  XXIV.,  slieet  3) 
was  held  from  1907  to  1911  by  1).  lleiuhMSoti  mid  jjarty,  since  when 
lilth'  if  anything  lias  been  <h)ii('. 

I^herrs  (formerly  liciKhTson's  or  iMcColl's  Prospecting  Area 
(Pig.  6S)  has  Ix'cn  worked  iit  iiilerxals  since  IfHKi,  but  with  no  vei-y 
striking  results. 

Gobi  on  the  .Mystery  (12;U)n)  (Pig.  (i9)  wns  disco\(Mvd  early 
in   H)P)  nn<l  tlie  leiise,  originnlly  hdd   by  C.  nn<l  O.  II;ii't, 

passed  to  T.  Kirkljind  ;ind  p;ii-|y,  who  worked  i(  foi-  nboiit  two  years 


191 


B. — Geology. 

Except  for  the  mode  of  gold  occurrence,  there  is  a  general  like- 
ness to  the  Yaloginda  Belt. 

1.    Country. — This  consists,  so  far  as  known,  of — 
(a)  Sheared  Amphiholite  of  the  same  character  as  at  Yalo- 
ginda and  forming  the  bulk  of  the  country. 


Fig.  67. 


_ .      •  ft  • 

■  '^^y-,  -      •                                          -    .         ^  ^ 

QovtLfTHo  : 

Photo.:  E.  de  C.  Clarke.  '  Neg.  1213. 

Karangahaki  G.M.:  Site  of  the  Workings. 


(b)  Talc  Serpentine  [ifg]  shaft  2  at  north  end  of  Karan- 
gahaki workings  {see  Chapter  VII.,  page  256). 

(c)  Quartz  Porphyry— [^i^l  and  [yj^]  the  Maranui  dyke 
(Chapter  IV.,  page  57,  and  VII.,  page  224). 

(d)  A  Jasper  Bar  is  said*  to  occur  on  the  Karangahaki  lease 
and  to  persist  to  at  least  200ft.,  where  it  is  represented  by  "lam- 
inated quartzite  and  dark  jasper,"  and  west  of  which  a  good  supply 
of  water  was  obtained. 

2.  Lodes. — The  workings  of  the  Karangahaki  Belt,  excluding 
the  Maranui  Group,  which  is  placed  on  Plate  XXIV.  for  conveni- 
ence in  mapping,  are  on  one  (or  two)  lines  of  lode. 

(a)  Karangahaki  Lode  (Plate  XXIV.,  sheet  2). — By  this  name 
will  be  designated  only  the  ore-deposit  of  the  Karangahaki  Mine. 

♦  Montgomery  Kep.  Min.  Prog'.  Murchisou  and  Peak  Hill  Goldfields,  p.  61. 
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The  workings  (except  the  cross-cut  and  a  little  of  the  drive  at  100ft.) 
are  now  inaccessible.  Accordini*'  to  the  State  Mining-  Engineer's  re- 
ports* the  gold  was  obtained  from  a  lenticular  vein  lying  in  an  older 
'•formation"  (jiresumably  a  zone  of  shattering)  which  was  4ft.  to 
10ft.  wide,  dipped  east  at  about  45°  and  the  smooth  boundary  walls  of 
which  were  seen  in  cross-cuts.  Mr.  Montgomery  considered  that  the 
auriferous  quartz  body  would,  even  when  first  formed,  be  of  less 
regular  shape  than  if  it  had  been  formed  in  solid  country,  and  to 
this  primary  irregularity  he  found  there  had  been  added  the  effects 
of  a  later  faulting  along  the  old  zone  of  shattering  which  resulted 
in  much  disruption  of  the  enclosed  quartz  vein. 

Judging  by  the  300ft.  of  resultless  cross-cutting  otf  shafts  1 
and  2  (Plate  XXIII.,  Sheet  1),  the  Karangahaki  Lode  dies  out 
northwards.  Its  possible  southern  continuation  will  be  considered 
in  tlie  next  sections. 


Table  sliuivinfj  the  Yield  of  the  Karangahaki  Lode. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1903 
1904 
1900 
1907 

1908      . . 

1909 

1910 

Phantom,  416n   

Eastern  Revenue,  545n  (former  416n) 
Karangahaki,  666n 

Do.   

Do.   

Do.   

Do.    .. 

tons. 
243- 00 
15-50 
283-00 
44-50 
2,232-00 
8,771-00 
1,297-00 

oz. 

218-16 
17-85 
558-00 
38-19 
1,174-21 
3,963-87 
466-96 

Total 

12,886  00 

6,437-24 

(b)  Gibraltar  Lode  (Plate  XXIV.,  sheet  2).  (i.)  CM*  the  Gib- 
raltar main  shaft  the  "lode"  is  at  least  30ft.  wide  and  consists  of 
white  kaolinised  and  sericitic  rock  abundantly  netted  with  quartz  veins, 
which  vary  in  Avidth  from  several  feel  to  mere  tln^eads.  The  lode 
lias  a  clearly  defined  hanging-wall,  the  foot  wall  has  not  been  exposed. 
Owing  to  ils  liighly  decomi)()sed  state,  micro-examination  of  the  lod*.' 
material  did  nol  yield  very  definite  results.  By  ils  mode  of  occur- 
rence, llic  hxh'  woiihl,  liowcvei',  appear  to  be  a  zone  of  the  sheai'cd 
amplnboliles,  which  lias  been  injected  with  <iuartz  veins — })robably 
(^.xlremely  acid  jthnscs  ol'  a  porphyry. 

A  sjiiii|»le  was  laken  aci-oss  1  he  lode  al  llie  lift,  h'vel.  which 
yicl'h^'l  an  assay   (l>ab.  No.  7111)   ol"  Idwl.  22gi-.  |i(M-  Ion.  llow- 


•Hep.  Miu.  Frog.  Murohisou and  Peak  Hill  Goldfleltls.  pp.  40 and  41. 
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100  tons  of  ore  from  the  central  shaft  taken  without  sj^ecial  picking 
IS  stated  to  have  yielded  at  the  rate  of  4^/i.dwt.,  with  tailings  assay- 
ing IV2  dwt.  per  ton.* 

At  the  north  end  of  the  44ft.  level,  the  lode  is  apparently  cut 
off  by  a  fault,  as  shown  on  the  plan,  and  the  ''many  quartz  outcrops" 
just  north  and  west  might  reasonably  be  its  northern  continuation. 
But  in  shafts  5  and  6  is  a  formation  usually  regarded  as  the  Karan- 
g'ahaki  Lode,  which  is  of  the  same  type  as  the  Gibraltar.  Also  the 
Gibraltar  lode  is  in  alignment  with  the  Karangahaki  Lode.  Either, 
then,  the  Karangahaki  is  the  continuation  of  the  Gibraltar,  differing 
from  it  in  having  a  main  vein  of  later  date  and  higher  tenor,  or 
(less  likely)  the  two  lodes  are  independent. 


Table  showing  the  Yield  of  the  Gibraltar  Lode. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1908  . . 

1909  . . 

1910  . . 

Gibraltar  Leases  708n,  731n  . . 
Do.  do. 
Do.  do. 

tons. 
100- 00 
106  00 
420-50 

oz. 

19-78 
18-60 
58-73 

Total   

626  50 

97-11 

(ii.)  Southward  C ontinuation.  In  shaft  10  (Plate  XXIV.,  sheet 
2)  the  transition  from  country  to  lode  is  more  gradual.  Quartz 
stringers  parallel  to  the  planes  of  schistosity  are  seen  right  away 
from  the  lode,  causing  some  sericitisation  of  the  adjoining  rock; 
both  veins  and  sericitisation  become  more  noticeable  as  the  lode  is 
approached. 

In  shafts  11  to  13  (sheet  3),  and  in  the  ])otholes  on  the  south 
boundary  of  the  Great  Oversight  lease?  a  similar  "lode  formation" 
is  shown,  but  no  defined  walls  to  the  body  have  been  found,  and 
cross-veins  running  E.N.E.  seem  to  play  an  important  part  in  the 
gold  deposition. 

Further  south  on  Rhen's  P. A.  (for  position  see  Plate  IV.,  sheet 
B,  for  detail.  Fig.  68)  a  similar  type  of  deposit  has  been  worked. 
Here,  again,  no  definite  walls  to  the  "formation"  have  been  dis- 
covered. It  seems  probable  that  the  main  "formation"  running 
from  the  "open-cut"  is  intersected  a  little  north  of  No.  1  shaft  by 
a  secondary  line,  running  generally  N.W.,  along  which  most  of  the 
work  has  been  done. 

A  little  north  of  Rhen's,  large  quartz  veins,  with  the  same 
north-westerly  course,  outcrop. 

A  continuation  of  the  same  type  of  lode-formation  is  most 
probably  that  worked  on  the  Mystery  Lease  (Fig.  69).      In  this 


(7) 


*  MoTitgomery  op.  cit.  p.  42. 
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ease,  all  the  work  has  been  done  on  cross-veins,  the  complicated 
character  of  which  is  indicated  in  the  tigaire.  It  seems  that  the 
prineii  al  shoot  of  gold  has  made  along  the  junction  of  two  veins, 
one  running  somewhat  north,  the  other  somewhat  south,  of  east,  and 
dipping-  north  at  about  70°  and  45°  respectively. 

Fig.  68. 


PLAN  OF  WORKINGS  ON 

RHEN'S   PROSPECTING  AREA 

ABOUT  I  M.  E  S  E  OF  YALOGINDA  RAILWAY  STATION 
EdeC  Clarke     F-eia  Geoloqisr 


 ^ 

Tho  l()iig(M-  (Mlges  of  tlio  i)laii  run  uortli  and  south. 


Table  showimj  Ike  Yield  of  the  Mi/slerij  Lease. 


Year. 

Namo  and  Nunibor  of  Lease. 

Ore 

crushed. 

Gold 
ther(>froTU. 

1!H:{ 
1(H4 

MvHtory,  \2'M')S   

^  Do."   

tons. 
139- 00 
321- 10 

oz, 

90-30 
240-44 

Total   

460  10 

330  74 
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(c)  On  the  Karangahaki  East  Lease  are  some  small  workings 
on  a  west-dipping  vein.  Tlie  effect  of  the  neighbouring  Maranui 
Porphyry  Dyke  is  seen  in  the  characteristic  alteration  of  the 
sheared  ampliibolites. 


Fig.  69. 


MYSTERY  G.M.L.  1236" 

MEEKATHARRA  DISTRICT 

BY- 

E  de  CClarke  Field  Geologist: 


XIV.— OTHER  YALOGINDA  WORKINGS. 
A.   Maranui  Group  (Plate  XXIV.,  sheet  3). 
1.    History  J  etc.    On  this  group,  which  is  a  quarter  of  a  mile 
south  of  the  Karangahaki  East  Lease,  gold  was  first  discovered  in 
1909.    ('hief  interest  in  the  group  was  owned  by  C.  and  J.  Roberts. 
The  leases  were  surrendered  in  1913. 
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Table  showing  the  Yield  of  the  Maranui  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1909  . . 

1910  .. 
1911 

Maranui,  899n  . . 

Do.   

Do.   

tons. 

52  00 
108-00 

52-00 

oz. 

108-29 
100-  95 
51-87 

Total   

212-00 

261-11 

Fig.  70. 

PLAN  OF  WORKINGS  &  GEOLOGY 
OF 

ROMSEY  GROUP 

BY 

Ede  C  Clarke.    Field  Geologist 


 Q 
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2.  Geology,  (a)  Country.  The  best  specimens  [gjg]  oDtaiiiable 
were  mneli  weathered,  but  are  probably  of  the  same  type  as  the 
Yalog'inda  sheared  amphibolites,  though  rather  less  sheared,  and  in 
places  almost  unsheared. 

In  the  more  massive  portions  {e.g.,  shaft  6)  Aveathering  along 
the  close-set  curving  joint-planes  causes  the  rock  to  look  like  an 
accumulation  of  pebbles.  It  may  be  mentioned  here  that  two  shafts 
near  the  14  mile-post  on  the  Nannine  Road  are  reputed  to  be  sunk 
at  least  60  feet  in  "alluvial"  wavsh,  and  hopes  have  therefore  been 
entertained  that  if  bottom  could  be  reached  "deep  leads"  would  be 
found.  These  shafts  are,  however,  sunk  in  the  same  false  wash  as 
shaft  6  above,  and  are  on  the  same  line  of  strike. 

(b)  Vein.  The  Maranui  vein  varies  from  a  mere  thread  to  four 
feet  in  width.  It  shows  a  good  many  minor  dislocations  (Fig.  71, 
no.  6)  in  addition  to  more  considerable  faulting  {see  plan).  The 
quartz  is  bluish  in  colour  and  vughy.  The  shear-plane  or  "track" 
of  the  vein  can  be  traced  some  distance  south  of  the  termination  of 
the  vein.  Tlie  hanging-  and  footwall  country  are  traversed  by  many 
stringers  and  fine  leaves  of  quartz. 

B.    Romsey  Group  (Fig.  70). 

1.  History,  etc.  The  Romsey  (Gr.M.L.  891n)  is  about  one  and  a 
quarter  miles  S.S.E.  of  Yaloginda  Railway  Station.  It  was  ]i egged 
by  M.  O'Brien  in  June,  1909,  passed  through  a  number  of  hands, 
and  was  forfeited  in  July,  1915. 

During  June  and  July,  1914,  some  excitement  was  caused  by 
the  discovery  of  a  rich  vein  just  north  of  the  Romsey  near  the  site 
of  some  workings,  from  which,  in  1910,  "Port  Darwin  Mick"  got 
two  trial  parcels,  which  averaged  14  and  20  dwt.  respectively.  It 
was  soon  realised,  however,  that  most  of  the  values  in  the  "lode 
50  or  60  feet  wide  and  traceable  for  two  miles"  were  confined  to 
small  cross-veins,  and  interest  in  the  neighbourhood  waned. 


Table  showing  the  Yield  of  the  Romsey  Lode. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed . 

Gold 
therefrom. 

1909 
1910 
1911 
1912 

1913 
1914 

Romsey, 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

89lN  

tons. 
166-00 
181  00 
143-03 
1,033-00 

2,6i7-00 
131-50 

oz. 
100-85 
73-39 
47-97 
206-47 
*28-77 
652-80 
138-98 

Total 

4,271  53 

1,249-23 

*  Dollied  and  specimens. 


Types  of  Veins  and  Lodes  near  Yaloginda. 
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2.  Geology,  (a)  Schists.  These  highly  decomposed  rocks  are 
sheared  amphibolites  of  the  type  found  in  the  Yaloginda  Belt. 
S  me  [3 Jo]  t'l^  finer  chloritic  slate  type. 

(b)  Quart c  Porphyry.  The  course  of  this  dyke  is  shown  in 
Fig.  70.  The  rock  can  only  be  recognised  undergTound  and  tlie 
boundaries  are  conjectural  where  they  do  not  cross  workings.  The 
irregular  course  of  the  dyke  in  some  places  is  shown  in  shaft  7 
(Fig.  71,  No.  1). 

Under  the  microscope,  this  rock  proves  to  be  a  fine-grained  chlo- 
ritic porphyry  [j^,  Yhri  ^  chloritic  albite  porphyry  or  porphy- 
rite  [yyy,  3J-9].  It  ^^"^^  noted  that  a  quartz  veinlet  (of  coarse  plates 
full  of  fiuid  pores,  and  therefore  deposited  from  a  hot  solution)  in 
the  porphyry,  had  an  edging  of  fine  quartz  mozaic  like  a  chilled 
margin.  That  the  quartz  veins  are  later  than  the  porphyry  (pro- 
bably its  last-consolidated,  most  acid  phase)  is  also  seen  under- 
ground (Fig.  23)  where  the  many  veins,  usually  transverse  to  the 
course  of  the  dyke,  sometimes  cross  without  defection  from  the  por- 
phyry into  the  schists— which  they  do  not  penetrate  far  and  in  which 
they  induce  sericitisation,  as  noted  of  veins  in  the  Gibraltar  Lode. 

The  gold  of  the  Rorasey  Group  comes  from  these  cross-veins, 
more  particularly  those  which  are  fairly  regular  in  strike  and  dip. 
They  are  said  to  be  speciall}^  rich  where  intersected  by  longitudinal 
veins  and  to  carry  gold  only  when  in  the  porphyry.  Probably,  how- 
ever, to  judge  from  the  workings  at  the  north  end  of  the  group,  they 
are  occasionally  auriferous  Avhere  they  have  penetrated  the  schists. 

(c)  Northern  Extension  of  Ilomsey  Porphyry. — At  the 
"Cement  Patch,"  about  half  a  mile  north  of  the  Romsey  {see  Plate 
IV.,  sheet  B),  in  two  of  the  shafts,  occur  schists  showing  the  bleach- 
ing and  green-staining  which  are  generally  found  in  the  Area  to  be 
signs  of  the  nearness  of  a  porphyry  dyke.  It  is  therefore  possible 
that  the  Romsey  dyke  extends  thus  far  north. 

A  few  small  veins  are  found  at  the  Cement  Patch,  but  the  gold 
has  all  been  obtained  by  milling  the  ferruginous  laterite  which  covers 
the  patch  I0  a  depth  of  at  least  12  feet  in  places.  A  parcel  (of 
unknown  size)  of  this  limonite  crushed  at  Nannine  is  said  to  have 
averaged  11  or  12  dwt.  per  ton.  However,  a  trial  crushing  of  14 
tons  marie  in  1914  yielded  a  total  of  only  2y20Z. 


C. — Leaves  Prioiiv  Group  (Fig.  72). 

About  a  mile  south  of  the  Romsey,  the  Lewes  Priory  and  two 
other  leases  were  taken  up  in  1909,  and  held  for  about  a  year. 

\ 
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Table  showing  the  Yield  of  the  Problem,  Lewes  Castle,  and  Port 

Phillip  Leases. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1909  .. 
1911 

Lewes  Castle,  883n 

Port  Phillip,  1053N  

Problem,  1062n   

tons. 
11-00 
28-50 

105-00 

oz. 

3-  29 

4-  09 
10-77 

Total   

144-50 

18  15 

The  little  underground  work  done  proves  the  existence  in  three 
shafts  (Fig.  72)  of  a  porphyry  dyke  like  that  in  shaft  1  of  the 
Hornsby  Group  (see  below)  and  possibly  forming  a  link  between 
the  Romsey  and  Ilornsby  dykes. 

Fig.  72. 


GEOLOGICAL  PLAN  OF  WORKfNGS  ON 

LEWES    PRIORV  6^1.884" 

MEEKATHARRA  DISTRICT 

SHOW  (RELATION       BETWEEN  PORPMYHYt^CHIST. 

EdeCCIaj-te    July  1914 


SCHISTS  .  kS^22iid  SHtAR  PLANES  OF 
PORPHVRV  I  ^    ^  1 

QUARTZ    vriNS  —  
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The  gold  occurrence  (if  any)  in  these  shafts  Avould  appear  to 
have  been  the  same  as  in  the  Homsey. 

D. — HoRNSBY  Group  (Fig.  73). 

1.  Tlistori/,  etc. — These  working's  are  about  a  quarter  of  a  mile 
west  of  the  12  mile-post  on  the  Nannine  Road. 

The  ground  was  taken  up  in  1909  by  J.  Gordon  and  party  and 
worked  lill  191;).  The  strong  flow  of  water  is  stated  to  have  been 
tlie  great  difficulty  in  working  the  lease. 

About  1911  the  Gibraltar  jdant  was  erected  here  and  public 
crushings  undertaken. 

Table  shoiring  the  Yield  of  the  Hornsby  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

tons. 

oz. 

1910  .. 

Hornsbv  (North  Pole),  937n 

89-00 

38-36 

1911 

Do.^  do. 

323- 00 

90-  35 

1912 

Do.  do. 

63  00 

41  02 

1913      . . 

Do.  do. 

30- 00 

8-73 

Total   

505  00 

178  46 

2.  Geology.  (a)  Country. — The  rocks  found  undergTound, 
though  highly  decomposed,  are  evidently  the  same  type  as  compara- 
tively fresh  rocks  I  gJe,  3-37,  aie  J'  t^^l^issified  as  sheared  ainphibolites, 
outcropping  less  than  a  quarter  of  a  mile  to  the  norlh.  Two  patches 
of  the  supposed  "massive  amphibolite"  {see  j).  68)  also  occur  on 
this  group. 

In  the  west  cross-cut  off  shaft  1  is  a  white,  highly  deconqiosed 
rock,  netted  with  quartz  veins  and  clearly  separated  from  the 
'•'greenstone."  Under  the  microscope,  this  rock  is  "more  than  ])ro- 
bably  the  weathered  remains  of  a  quartz  ])(»rphyry."  Its  probable 
connection  with  tlie  Lewes  Priory,  and  i)()ssi})ly  the  Rorasey,  por- 
l)hyry  has  already  been  mentioned. 

(b.)  Vein. — The  gold-l>earing  vein  of  this  group  strikes  N.N.E., 
j^iarallel  to  the  planes  of  schistosity,  is  nearly  vertical,  and  has  an 
average  thickness  of  about  1ft.  6in.  At  the  south  end  it  widens  to 
three  or  four  feet  and  apparently  loses  values,  at  tlie  north  end  it 
is  cut  by  a  fault  lieyond  which  it  has  not  been  definitely  found.  The 
vein  is  strongly  cross-jointed,  the  joints  })eing  occupied  by  gouge. 
Generally,  it  resembles  the  Maranui  vein. 
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Fig.  73. 


PLAN  OF  WORKjNGS  &  GEOLOGY 


f], — New  Chum  Group. 

Tlie  ^^h^nl«l(.)u-(l  leases,  New  Clmiu  and  Her  Hoyal  lli.ulmess, 
siluMlcd  vvilliin  half  a  mile  of  llie  :r24-mile  i)()sl  on  tlie  railway  line, 
liavc  a  nnniber  of  sliailow  shafts  as  indicated  on  Pi.  IV.,  slieel  R. 

The  "New  ('hnm'  (iVIAs)  was  applied  for  in  Au-nst.  VM)\), 
;ind,  after  passinj^  llironfili  a  nuinher  of  liands,  was  forfeited  in 
l!)rl  "Her  Hoyal  Highness"  (1121\),  applied  for  in  the  middle 
of  was  forf'Mlcd  alxtut  a  year  later. 
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Table  showing  the  Yield  of  the  New  Chum  Vein. 


Year. 

Name  and  Number  of  Lease. 

Ore 
crushed. 

Gold 
therefrom. 

1909 
1910 

1910      .  . 
1911 

New  Chum,  923n   

Do.   

Do.   

Do.   

tons. 
8-00 

75-50 
301-00 

oz. 

51  15 
*62-80 
150-68 

56-60 

Total   

384-50 

321-23 

*  BoUied  and  specimens. 

The  shafts  (9  to  15)  on  ] r24x  apparently  failed,  despite  much 
cross-euttino',  to  discover  any  auriferous  body. 

Those  (1  to  8)  on  923n  are  sunk  along  a  very  prominent  quartz 
"blow*'  which,  as  shown  on  the  map,  can  be  traced  for  a  considerable 
distance  both  north  and  south  of  the  lease.  According  to  report, 
the  New  Chum  yiel  ded  a  few  small  rich  parcels. 

A  sample  taken  by  the  writer  along"  the  outcrop  of  the  vein 
between  shafts  1  and  4  was  assayed  (Lab.  No.  7119)  and  yielded 
only  a  trace  of  gold  per  ton. 

The  general  rule  that  "blows"  do  not  live  down  is  borne  out  in 
the  "New  Chum"  workings,  where  the  blow  is  seen  to  })reak  up  into 
stringers  of  quartz  within  30  feet  of  the  surface. 

The  country  in  both  leases  is  [3^3]  a  contorted  foliated 
cliloritic  clayey  schist,  with  here  and  there  opaque  granular  patches 
of  uncertain  comi)osition,  also  occasional  mozaic  patches  enclosing 
quartz  grains,  rutile  needles  and  colourless  sericitie  or  chloritic 
patche^^.  It  is  best  classed  with  the  sheared  amphibolites  of  Yalo- 
ginda. 
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XV.— GOLD-PRODUOnON   OF  PROSPECTING  AREAS, 

ETC. 

The  followinii'  gold-ret  urns  from  the  Area  are  not  included  in 
the  preceding  descriptions  : — 

Table  showing  the  Yield  of  Sundry  Claims  {Prospecting  Areas ^  etc.) 
at  Garden  Gully. 


Year. 


Ore 

Gold 

crushed. 

therefrom. 

tons 

oz. 

1901 

12- 

00 

41 

34 

1908 

94- 

00 

90- 

86 

1909 

54- 

50 

63 

16 

1912 

23- 

10 

53 

87 

1913 

*1 

47 

ie- 

00 

9 

30 

1914 

*1 

85 

Total 

199 

60 

261 

85 

*  Dollied  and  specimens. 


7'alile  shoiving  the  Yield  of  Sundry  Claims  {Prospecting  Areas,  etc.) 
at  Meekatharra, 


Ytiar. 

Remarks. 

Ore 
crushed . 

Gold 
therefrom. 

tons. 

oz. 

1899 

28-00 

94-72 

1901 

38-50 

34-63 

1902 

105-00 

55-29 

1903      . . 

45-50 

20-18 

1904      . . 

14-75 

6-86 

1905 

.. 

45-00 

23-37 

1900 

Alhivial  . 

36-00 

177-68 
19-21 

1907 

536-00 

476-21 

190S 

326-60 

98- 18 

19()9 

133-00 

72-34 

1910 

289-50 

154-37 

1911 

95-73 

*3-()7 
109-23 

1912 

152-2() 

*l-64 
51-24 

i!ii:{ 

451  - 1 1 

*6-  52 
116-24 

1914 

Alluvial  . 

130  10 

4-15 
*105-  10 
67  -  ()4 

Total   

2,427  •  05 

1,698  47 

*  Dollied  and  s|)(^ciin('iis. 
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Table  showing  the  Yield  of  Sundry  Claims  {Prospecting  Areas,  etc. 

at  Yaloginda. 


Year. 

Remarks. 

Ore 
crushed . 

Gold 
therefrom. 

tons 

*6-  00 

115-50 

89-  54 

1  QHQ 

*14- 70 

212-65 

277- 11 

1 Q1 0 

*15- 83 

310-75 

102-61 

1911 

92-99 

31-72 

1912 

Alluvial  . . 

3-71 

*82-38 

59-38 

61-31 

1913      . . 

*23-14 

188-90 

204-58 

1914 

Alluvial  . . 

7-18 

*89-29 

524-00 

190-50 

Total 


1,504-17  j  1,199-60 


Dollied  and  specimens. 


Table  showing  the  Yield  of  Tailings  {Cyanided  at  State  Battery, 
Meekatharra,  and  at  Karangahaki  Works)  from  Area  generally. 


Year, 

Name  of  Battery. 

Ore 
crushed. 

Gold 
therefrom. 

Silver 
therefrom. 

1903  . . 

1904  . . 

1905  . . 

1907  . . 

1908  . . 

1909  . . 

1910  .. 

1911  .. 

1912  .. 
1913 

State  Battery,  Meekatharra 

do.  do. 

do.  do. 

do.  do. 

do.  do. 

do.  do. 

do.  do. 
Karangahaki  G.M. 
State  Battery,  Meekatharra 

do.  do. 

do.  do. 

tons. 
*(14'-00) 

oz. 

65- 18 
457-70 
748-59 
737-13 
1,585-83 
1,307-64 
1,040-31 
42-06 
1,333-94 
2,504-98 
112-29 

oz. 

19- 00 

Total 

*(14-00) 

9,935-65 

19-00 

*  Not  included  in  computing  total  tonnage  for  Area. 
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CHAPTER   VI L 


PETROLOGY* 


By  R.  a.  Farquharson. 
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ii.  Much  altered  Chloritic,  Carbonated  and  Talcose 
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4.  Summary  and  Conclusions       . .        . .        . .        ....        . .  285 


I.— INTRODUCTION. 

The  investigation  of  the  petrology  of  Meekatliarra  has  proved 
a  difficult  undertaking.  Broadly,  speaking,  the  area  examined  con- 
sists of  two  })orlions,  a  central  portion  in  which  the  majority  of 
the  most  imjjortant  mines  occur,  and  in  which  the  rocks  have  been 
extremely  altered  by  both  chemical  and  dynamic  agencies,  and  an 
external  zone,  in  whicii,  though  the  rocks  have  been  considerably 
altered  by  dynamic  strain,  they  are  still  comparatively  fresh  and 
retain  characters  by  wliich  (heir  original  character  is  easily  deter- 
tiiiiinble.  In  the  former,  owing  to  the  large  number  of  mines,  the 
multiplicity  of  rock  varieties,  the  differences  in  texture,  structure 
and  composition,  and  to  the  degree  of  alteration  by  chloritisation, 
carbonation,  tah'icisation  and  kaolinisation  of  the  rocks;  the  dil'fi- 
cully  has  \)vvn  to  coi-relate  tlie  specimens,  and,  thei-oby,  to  discover 
the  actual  disi  l  ibut  ion  of  i-ocks  belonging  originally  to  the  same 
mass,  and  to  dclci-niinc  their  relations  to  contiguous  rocks  of  a 
different  type.  In  llie  latter,  on  the  othei-  hand,  owing  to  the  isolated 
occurrence  of  tlie  outcrops,  and  to  the  fact  that  the  intervening 
count  rv  lictwcen  thciu  is  usually  either  reduced  to  the  state  of  clay, 
or  coxcrcd  by  a  considerable  thickness  of  ovei'-burden.  tiie  difliculty 
has  lain  in  dctciinining  the  getu'tic  and  chi-onological  connection 
between  the  oulciops.    In  Ihc  ca-c  i  )art  iculaily  of  the  iniu'li  alt(>red 
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rocks,  it  has  been  only  by  the  examination  of  a  large  number  of 
specimens  that  any  traces  of  original  structure  have  been  obtained 
in  them.  A  very  large  proportion  of  them  have  been  of  the  nature 
of  clays,  and,  indeed,  the  determination  of  the  geology  of  a  con- 
siderable section  of  the  central  portion  has  been  dependent  in  the 
discovery  of  relict  structures  indicative  of  their  origin.  Sections, 
however,  prepared  by  ordinary  processes,  were  found  to  be  of 
little  use.  Either  they  were  too  thick  and  practically  opaque  to 
light,  or,  as  a  result  of  their  softness  and  friability,  they  disap- 
peared by  attrition  in  the  grinding  process.  In  consequence,  a 
modification  of  the  process  of  preparation  had  to  be  evolved,  and 
it  was  found  that  by  special  treatment  of  the  rock  with  Canada 
balsam,  it  was  possible  to  prepare  sections  even  of  the  almost  com- 
pletely rotted  rocks  that  preserved  relics  of  original  structure  and 
were  sufficiently  thin  for  these  to  be  clearly  identified.  Since  more 
than  a  hundred  sections  had  to  be  so  prepared,  a  considerable  expen- 
diture of  time  was  necessarily  involved,  but  the  results  achieved  have 
fully  justified  it,  and  have  again  exemplified  the  economic  import- 
ance of  the  study  of  relict  structures  in  the  mining  fields.  The 
change,  for  example,  in  the  direction  of  the  strike  of  the  Ingliston 
Extended  dolerite,  which,  had  it  been  known  previously,  would  have 
saved  much  time  and  money  spent  in  shaft  sinking,  has  been  de- 
termined from  sections  of  rocks  now  reduced  to  clays,  and  it  is 
safe  to  say  that  much  of  the  geology  of  the  country  immediately 
to  the  east  and  west  of  the  Paddy's  Flat  porphyry  dyke  has  been 
elucidated  by  the  investigation  of  sections  almost  of  the  character 
of  clays. 

In  spite  of  the  difficulties,  however,  by  a  careful  co-ordination 
of  the  evidence  derived  from  the  field  relations  of  the  rocks  with 
that  derived  from  a  comparative  study  of  their  mass  and  micro- 
scopic characters,  the  general  geology  of  whole  district  and  of  the 
more  important  mines  as  illustrated  by  the  maps  accompanying 
this  Bulletin  has  been  rendered  as  clear  as  the  circumstances  under 
which  the  investigations  have  been  carried  out  have  permitted. 
In  those  cases,  of  course,  in  which  evidence  of  field  relations  is 
\-ague  or  absent,  microscopic  evidence,  assisted  at  times  by  chemical 
analysis,  has  necessarily  alone  determined  the  points  at  issue.  Some 
questions,  such  as  tlie  relationship  between  the  granite  varieties  are 
unsolved,  and  it  is  much  to  be  regretted  that,  as  they  are  questions 
rather  of  scientific  than  of  any  economic  interest,  and  as  it  is 
at  present  necessary  in  geological  survey  work  to  regard  the  purely 
economic  aspect,  i.e.,  the  origin  and  distribution  of  the  mineral  re- 
sources, of  jiaramount  importance,  they  must  continue  to  remain 
unsolved. 

Altogether,  about  600  slides  have  been  examined.  These  have 
been  cut  cliiefly  from  rocks  collected  by  Mr.  (Uarke,  but  included 
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ill  the  number  are  those  from  specimens  collected  previously  by 
other  members  of  the  staff,  especially  by  Messrs.  A.  Gibb  Maitland 
and  H.  ^Y.  B.  Talbot  in  1910.  For  obvious  reasons,  however,  only 
those  specimens  which  best  exhibit  the  important  characters  of 
the  rocks  have  been  described  in  the  text. 

Both  before  the  inception  of  the  present  survey  of  the  district, 
and  during-  its  course,  the  writer  has  been  enabled  to  visit  and  ex- 
amine many  of  the  mines  and  much  of  the  surrounding  country, 
and  thus  to  become  familiar  with  the  occurrence  of  the  rocks  and 
their  appearance  and  character  in  the  mass.  These  visits  have 
very  considerably  facilitated  the  petrological  investigations,  and 
especially  the  correlation  of  the  specimens. 

The  terms  District,  Area  and  Belt  are  used  in  the  sense  defined 
by  Mr.  Clarke  in  the  introductory  pages  of  the  Bulletin. 

2.— PREVIOUS  LITERATURE. 

The  earliest  remarks  on  the  geology  of  the  Meekatharra  Field 
of  any  scientific  value  are  contained  in  a  Report  on  "The  Geology 
and  Mineral  Resources  of  a  part  of  the  Murchison  Goldfield,"  by 
C.  G.  Gibson,  in  Bulletin  14,  G.S.W.A.  On  page  61  of  this  Report, 
Gibson  states: — 

The  country  in  the  immediate  vicinity  of  Meekatharra  Townsite  con- 
sists of  low,  rough  greenstone  ridges,  extending  southerly  for  about  two  miles, 
when  they  jiive  place  to  extensive  plains  covered  with  recent  deposits  ;  westerly 
for  three  miles  ;  and  northerly  for  two,  when  they  are  replaced  by  a  large 
belt  of  granite  trending  about  north-east  ;  easterly  they  extend  indefinitely. 

These  greenstones  are  very  much  decomposed  and  weathered,  so  much 
so  that  it  was  impossible  to  obtain  a  specimen  for  determination,  none  of  the 
mine  workings  being  down  below  the  zone  of  decomposition.  Immediately 
to  the  east  of  the  townsite  is  a  wide  belt  of  banded  quartzite  trending  slightly 
east  of  north  and  forming  a  low  ridge,  on  the  highest  point  of  which  Luke's 

Trig,  is  situated  The  granite  which  occurs  to  the  north 

and  west  of  the  townsite  is  a  coarse-grained  massive  variety,  extending  northerly 
for  five  or  six  miles,  and  being  for  the  most  part  covered  with  a  considerable 
thickness  of  loose,  sandy  soil,  with  the  rock  occasionall}'^  outcropping  as  low 
bare  ridges.  Numerous  dykes  run  out  from  this  main  body  into  the  greenstones, 
which  are  considerably  foliated  in  close  proximity  to  them. 

A  section  of  a  specimen  of  this  granite  taken  from  a  spot  about  a  mile 
north  of  the  Havelock  CM.L.,  seen  under  the  microscope,  shows  it  to  be  a 
very  similar  rock  to  that  occurring  at  Cue  

A  second  largo  similar  belt  of  granite  occurs  about  10  juilos  to  the  east 
of  the  townsite,  trending  north  and  south  " 

in  his  <l('S(*ri|ili()ii  of  llic  luincs  lie  I'ctVrs  lo  (lie  coiiiiti-y  rock 
ill  iiiosi  cjiscs  Jis  "a  soil  kaolinised  grcciisl one." 

In  llic  Aniiinil  I'l-ogi-css  Ixcpoii  of  tlic  (Icological  Survey  for 
Mr.  II.  I'.  Woodward  imblislicl  .-in  arlicic  willi  the  title  "A 

1.  Vi<lr  Aiimuil  K.'|.<.r(H,  Df'pl.  of  MiiicH,  1;mi!»,  pp.  Ki.'^.-KiO. 
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Preliminary  Report  on  the  Ore-bodies  of  Meekatliarra."  Inter  alia, 
he  states: — • 

The  rocks  of  this  belt  consist  for  the  most  part  of  schistose  greenstones 
much  hydrated,  intersected  by  dolerite,  felspar  porphyry  and  granitic  dykes, 
and  traversed  parallel  to  the  lines  of  banded  ferruginous  quartzites  which 
evidently  represent  main  lines  of  shearing,  whilst  upon  the  western  side  is 
a  ridge  of  broken  granitic  hills.  ...... 

So  far  as  can  be  gathered  by  a  comparatively  cursory  examination,  the 
primary  force  which  is  responsible  for  the  shearing  in  the  Marmont,  Fenian, 
and  Ingliston  Consols  is  a  large  intrusive  mass  of  felspar  porphyry  at  the 
south-east  end  of  the  first-mentioned  mine.  This  mass  is  an  igneous  acid 
intrusion,  in  part  a  felspar  porphyry  consisting  principally  of  albite  and  quartz, 
whilst  the  balance  which  covers  the  larger  area,  is  a  soft  kaoUnised  rock  con- 
taining quartz  and  sericite.  probably  an  hydrated  form  of  the  first-mentioned 
rock. 

There  are  also  basic  intrusions  which  consist  of  mica-hornblende-dolerite 
(diabase)  that  may  possibly  have  influenced  the  enrichment  of  certain  of 
the  lodes  

In  the  Inghston  Extended  ,  a  basic  dyke  was  encountered 

on  the  hanging  wall  side  of  the  ore-body  ;  it  is  composed  of  a  soUd  crystalline 
mica-hornblende-dolerite  in  the  main  mass,  but  adjoining  the  lode  it  has 
been  considerably  altered  and  sheared,  and  loses  all  crystalline  structure. 

In  a  Report  on  the  State  of  Mining  Progress  in  the  Meeka- 
tharra  and  Peak  Hill  Goldfields,  in  1909,  the  State  Mining  Engineer 
mentions  the  discovery  of  a  large  felsitic  dyke  in  the  Marmont,  and 
a  similar  f  elsite  dyke  in  the  Ingliston  Extended ;  and  later,  in  the 
same  Report,  he  notes  the  existence  of  a  large  intrusive  dyke  of 
hard  greenstone,  which  has  penetrated  the  lode  and  partly  dislo- 
cated it. 

Finally,  in  Bulletin  43,  G.S.,  AY.A.,  1-912,  the  present  Avriter, 
as  the  result  of  a  short  visit  to  the  mines  of  Meekatharra,  published 
a  preliminary  account  of  the  composition,  structure,  and  relation 
of  the  chief  rocks  of  the  Ingliston  Extended  mine,  and  the  evidence 
they  afford  as  to  the  origin  of  the  auriferous  body,  the  peculiarities 
of  its  development  and  its  probable  life.  Based,  as  this  account 
necessarily  was,  on  onl}^  a  few  specimens  and  on  only  a  few  days' 
work  in  the  field,  it  was,  of  course,  far  from  comprehensive  or  com- 
plete, but  the  detailed  survey  on  which  the  present  Bulletin  is  based, 
together  with  the  examination  of  hundreds  of  specimens,  has  shown 
that  the  results  then  arrived  at  were,  as  far  as  they  went,  substan- 
tially correct.  These  results  it  is  unnecessary  to  summarise,  since 
the  work  on  which  they  were  based  has  all  been  revised  in  the  light 
of  the  geology  and  jjetrology  of  the  whole  area. 

It  will  be  seen,  therefore,  that  the  petrological  work  hitherto 
carried  out  in  the  area  has  been  but  of  a  very  casual  nature,  with 
results  either  of  very  doubtful  or  of  merely  local  value.  The  present 
chapter  marks  the  first  attemj)t  at  a  sysiematic  and  comprehensive 
investigation  of  the  Petrology  of  the  Area. 
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3.— CLASSIFICATION  AND  DESCRIPTION  OF  THE  ROCKS. 


The  detailed  classification  of  the  rocks  adopted  is  as  follows  : — 
''A. — Granites 


I. — Acid   Igneous   Kocks<(  B. — Porphyries 


f  {a.)  Paddy's  Flat  Dyke. 
!  (6.)  Yaloginda  Group. 

(c.)  Maranui  Group. 
!  (d.)  Commodore  -  Halcyon 
I  Group. 
{e.)  Romsey  Group. 
(/.)  Pioneer  Group. 
\^(g.)  Northern  Ouctrop. 


{h.) 


Doubtful 
Dykes. 


weathered 


II.— Basic  Igneous  Rocks  ^, 


L . — Plutonic  or 
Intrusive  in 
Origin  and  not 
demonstrably 
volcanic — 

1 .  Comparatively 
Fresh  Green- 
stones. 


f  (a.)  Ingliston  Extended 
Dolerite. 
(h.)  Norite     of    Barlowe ;rie 
Peaks. 

(c.)  Uralitised  and  Zoisitised 

Dolerites. 
{d.)  Epidotised  Quartz- 

Dolerites. 
(e.)  Actinolitic  -  Zoisitic 

Rocks. 

(/.)  Fibrous  -  Zoisitic  Am- 

phibolites. 
((/.)  Fine-grained  Dolerite 

of  Meeka  Hills. 
(/;.)  Fine-grained  Zoisitic 

Amphibolites. 
{{.)  Sheared  Amphibolites  or 
Hornblende  Schists 
and    Foliated  dense- 
black  Amphibolites. 
(j.)  Sheared  Amphibolites 

and  Epidioritcs  of 
Yaloginda. 
(k.)  Kyarra  Schists. 
|^(/.)  Serpentines. 


2.  Much  altered  [{a.)  Flecked  Schist. 


Ohloritic,  Car- 
bonated, Till 
cose  Rocks 


(/>.) 
('••) 


id. 


{<■) 


Chloritic  Slates. 
Black  Schists  and  Black 
Talc  -  Chlorite  -  Car- 
bonate Rocks. 
Flecked  Chlorite  -  Car- 
bonate Jlocks. 
Fuschit(!  -  Quartz  -  Car- 
bonate l^ocUs. 


Volcanic 
Eruptive 
Origin. 


;::{ 


TulTs  or  Agglomerates,  Cryst**  1 
Tuffs,  IJasic  Flows. 


111.— -Sedimentary  Jlocks. 
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1. — Acid  Igneous  Rocks. 
A. — Granites. 

In  a  previous  Bulletin/  Mr,  Woodward,  dealing-  with  the  Cue 
District,  has  made  mention  of  two  types  of  granite  which  are  easily 
differentiated  by  their  appearance  in  the  field.    According  to  him — 

The  first  type  or  what  may  be  called  hornblende  granite,  occupies  about 
eighty  per  cent,  of  the  total  area  covered  by  the  acid  series  of  rocks.  It  varies 
in  its  ferro-magnesian  constituents  with  its  relative  position  to  the  basic  rocks; 
thus,  in  the  proximity  of  these,  hornblende  and  augite  are  in  considerable 
evidence,  while  at  a  distance  these  minerals  are  often  entirely  replaced  by 
biotite. 

The  class  of  felspars  met  with  in  this  granite  so  readily  break  down  into 
kaolin  that  outcrops  of  rock  in  the  fresh  state  are  absolutely  unknown,  while 
frequently  kaoUnisation  has  been  found  to  extend  downwards  to  or  below 
the  permanent  ground-water  level,  which  may  be  as  much  as  150  feet  below 
the  present  surface. 

The  second  type  of  granite  is  the  hard  porphyritic  muscovite  variety 
which  generally  occurs  in  the  form  of  magmatic  intrusions  into  the  last 
mentioned.  These  intrusions  are,  as  a  rule,  only  exposed  in  areas  of  depression, 
where  they  have  been  denuded  by  the  removal  of  the  enclosing  rock.  They 
mostly  occur  as  extensive  flats  of  rocks  or  more  or  less  rounder  bosses  

From  an  economic  standpoint  these  granites  are  of  httle  interest,  for, 
with  the  exception  of  a  little  wolfram  and  molybdenite,  they  are  not  mineral- 
bearing. 

In  the  Meekatharra  District,  granite  rocks,  according  to  Mr. 
Clarke,  occupy  about  1,600  square  miles  of  country.  Owing,  how- 
ever, to  the  fact  that  they  are  of  small  economic  importance,  little 
attention  has  been  paid  to  investigating  the  circumstances  of  their 
occurrence.  Nevertheless,  two  types  agreeing  in  the  main  with  those 
already  noted  from  the  Cue  District'  have  been  recognised.  For  pur- 
poses of  description,  they  are  distinguished  as — 

1.  The  grey-green  granite,  or  granodiorite ; 

2.  The  yellow  granite. 

1.    The  grey-green  granite. 

This  type,  as  will  be  seen  from  the  geological  map  of  the  area, 
runs  in  a  general  north-easterly  direction,  parallel  to  the  prevailing 
strike  of  the  different  formations  as  a  band  three  miles  or  more  in 
width,  and,  except  for  a  relatively  small  and  ill-defined  outcrop  of 
type  2,  comprises  all  the  granite  of  the  area  dealt  with  in  detail 
in  this  Bulletin.  A  continuation  of  the  band  to  the  south  embraces 
the  granite  of  Nannine.  Except  along  the  margin,  this  type  forms 
in  places  rough  breakaways,  patches  covered  with  rounded  boulders, 
and  only  to  a  small  extent  (in  contrast,  as  will  be  seen  later,  with 
the  yellow  granite),  weathers  on  the  surface  into  sheets  or  shells. 
The  boundaries  between  it  and  the  greenstones  are  generally  ill- 
defined,  both  rocks  being  much  decomposed  along  their  margins. 
The  granite,  indeed,  at  the  margin  becomes  a  white  mixture  of 
kaolin  and  quartz,  in  which  the  only  resemblance  to  the  fresher  rock 
is  retained  in  the  peculiar  structure  of  the  quartz  plates.  Only  very 
rarely  is  a  sharp  contact  visible. 

I.  G.S.W.A.7 BuiTn 0757,^07 
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In  the  Nannine  and  Cue  areas  this  granite  contains  a  number 
of  quartz  reefs,  whieli,  in  some  cases,  as  in  the  Hidden  Treasure 
Mine  at  Cue,  are  fairly  strongly  auriferous.  At  Quinn's  somewhat 
auriferous  reefs  occur  in  what  Gibson  ^  calls  granitic  schists ;  and 
at  Nannine "  also  reefs  occur  in  the  granite,  though  they  appear  to 
be  of  low  grade. 

At  Meekatharra  many  quartz  veins  occur  in  this  granite,  but 
none  appears  to  be  auriferous. 

In  hand-specimens  the  work  is  generally  of  a  gray-green  colour, 
very  coarse  in  grain,  frequently  with  large,  almost  porphyritic,  fels- 
pars. Specimens  from  different  localities  are  at  one  time  [^Jg] 
grayish-green  with  much  green  chlorite  and  numerous  pale  yellowish- 
white  felspars,  at  another  [5354] dark-gray  and  finer  in  grain,  at 
another  [112101  very  coarse  and  light-grey  in  colour,  while  varieties 
have  also  been  noted  which  are  fine-grained  with  yellow  epidotised 
felsi;ars  and  small  books  of  black  biotite,  or,  as  in  [y^g],  dark-gray 
with  pinkish  felspars.  There  is  thus  a  considerable  degree  of  varia- 
tion in  the  ai)pearance  of  the  specimens.  Moreover,  some  of  the 
rucks,  e.g.,  [j^g]  exhibit  pronounced  evidence  of  shearing  that  has 
resulted  in  an  apparent  foliation.  Others,  e.g.,  [yJo]  show  no  trace 
of  shearing.  These  characteristics  indicate  that  if  the  whole  is  one 
rock  mass,  there  has  been  a  considerable  degree  of  differentiation  in 
the  magma  and  a  localisation  of  the  dynamic  strain  along  certain 
zones. 

In  section,  the  general  coarseness  of  grain  of  the  rocks  is  very 
ajjparent.  The  chief  mineral  constituents  are: — felsjiar,  quartz, 
the  ferro-magnesians — ^chlorite,  chloritic  biotite  and  hornblende,  epi- 
dote  and  zoisite,  calcite,  spliene  and  iron  ore. 

Tlie  felspars,  generally  in  the  form  of  large  turbid  plates,  are 
by  far  the  most  common  minerals  in  the  slides.  Though  in  rare 
instances,  as  in  [y^o]'  ^^'^  crystals  show  an  approach  to  define  crys- 
talline outlines,  usually  they  are  alloti'ioniorphic,  and  in  many  cases 
there  has  been  a  partial  granulation  or  crushing  of  the  margins  to 
form  a  coarse  mosaic.  The  larger  forms  are  in  })laces  e[)idotis('d 
and  zoisitised,  in  i)laces  micacised  with  the  i)roduction  of  mus- 
covite  in  small  scales;  kaolin  is  not  infrecpiently  developed,  and 
occasionally  a  small  development  ol"  grannlai"  calcite  has  been 
noticed  in  them.  Tlie  species  })resent  are,  on  accouni  of  the  altera- 
tions tlie  crystals  \v.\\v  nndergone,  difficult  to  make  out.  Thej-e  are 
corrnnonly  a  plagioclase—  in  which  the  epidotisation  and  zoisitisation 
has  taken  place — ci'vstals  of  an  nnlwinned  species  referable,  per- 
ha|  s,  lo  ort  hoclase,,  and  in  neai'ly  all  sections  lai'ge  crystals  of  a 
s|)('r'i('S  w  itli  the  cioss-hat ched  a | >p('a i  ancc  of  niicrocline  moi'e  or 
Ics-^  clearls'  shown.  While  this  hatching  seems  in  nnuiy  cases  to  !)(> 
of  a  iirimary  chai'aclei',  it  is  pi'obable,  taking  into  accouni  the  Iar<;'e 
amount  of  dynamic  strain  the  rocks  have  been  subjected  to,  that  it 
is  in  jiart  a  secondaiN   character  in<lnce<l  by  this  sli'ain.     in  some 


1.  (j.o.  W.A.,  Hull.  N(i.  \\,  p.  K>. 

2.  Loc.  cit.,  J).  M"). 
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slides,  crystals  of  an  almost  completely  kaolinised  form  are  enclosed 
in  plates  of  an  imtwinned  and  little  altered  form,  a  fact  indicating  a 
tendency  to  a  porphyritic  structure  in  the  rock.  Kaolinisation  has 
frequently  attacked  the  interior  of  the  crystals,  while  the  margins 
are  quite  fresh.  In  some  cases  [11199]  these  are  inclusions  of  quartz 
grains  in  microclinic  plates,  and  of  small  quartz  and  kaolinised 
felspar  plates  in  less  altered  felspar  crystals;  small  cracks  in  some 
of  the  felspars  are  filled  by  quartz  from  the  mozaic.  Rarely  there 
is  a  peculiar,  imperfect  development  of  a  felspar  inter-growth. 

The  quartz  attains  a  much  smaller  development  than  the  felspar. 
While  there  are  sections  showing  the  mineral  in  ragged  plates  of 
some  size,  most  of  it  occurs  interstitially  between  the  felspar  crystals 
in  a  highly  gTanulated  or  crushed  mass  of  small  plates  or  grains 
(Fig.  74). 

Fig.  74. 


•  Photo  :  K-.  A.  F.  Neg.  1229. 

Microphotograph  [flj]. — The  hornblendic  granite,  showing  the 
granulitisation  of  the  quartz  and  felspar  along  lines  be- 
tween quartz  and  felspar  plates. 

Moreover,  in  most  cases- —  [t§o]  ^  prominent  exception — 
it  is  obvious  that  the  force  which  has  crushed  the  plates  to  a  mosaic 
has  also  drawn  out  this  mosaic  so  that  it,  with  the  chloritic  strings 
which  are  frequently  associated  with  it,  wave  round  the  felspars  in 
indistinct  "stream"  or  "flow"  lines.  These  effects  are  undoubtedly 
due  to  crushing  or  shearing,  and  the  green-and-white  specimens 
of  granite  all  show  them  to  a  pronounced  extent.  So  common 
are  they,  that  there  would  appear  to  have  been  a  grinding  of  the 
felspar  plates  over  one  another  with  complete  crushing  of  the  inter- 
stitial quartz,  especially  as  it  has  already  been  noted  that  many  of 
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the  felspars  show  gTanuhited  margins.  These  phenomena  are  par- 
ticularly noticeable  in  [11316]  and  [^-ig].  In  [its J'  ^^^^  other 
hand,  the  large  Haky  quartz  has  been  only  slightly  granulated. 

In  [yJq]  '  ^^'here  granulation  has  not  taken  place,  the  inter- 
stitial character  of  tlie  quartz  is  very  noticeable,  since  the  felspars 
have  an  almost  idiomorphic  outline. 

The  ferro-magnesians  occur  only  very  sparingly,  though  such 
specimens  as  [yjg]  and  [yJi-]  ^  decided  greenish  tinge.  The 

commonest  are  a  green  chlorite,  sometimes  in  isolated  flakes  and 
flaky  aggregates  or  patches,  but  generally  in  thin  strings  associated 
with  the  quartzose  mosaic,  and  in  strings  round  the  felspar  crystals, 
and  a  green  pleochroic  chloritic  biotite  in  isolated  flakes  and,  in 
[5354],  also  in  strings  in  the  granular  mosaic.  The  chlorite  and 
chloritic  biotite  are  frequently  associated  with  yellow-gTeen  epidote 
grains,  less  commonly  with  granular  calcite  and  grains  of  sphene. 
In  [x^]  there  are  occasional  large  ragged  flakes  of  a  brown  pleo- 
chroic biotite,  while  in  [jjg^  there  are  large  dark-green  flaky  patches 
of  pleochroic  chlorite.  In [^^y], occur  some  obscure  large  forms 
consisting  of  chlorite  flakes,  calcite  and  epidote  grains  and  minute 
flakes  of  quartz,  which  may  be  the  altered  remains  of  pre-existing 
hornblende.  Fresh  hornblende  in  the  rocks  examined  is  rare,  but 
in  [t^s"]  it  occurs  in  large  fragments  of  a  deep  green  colour  with  a 
pleochroism  in  green  and  yellow  tones.  Some  of  the  chlorite  flakes 
also  undoubtedly  possess  a  character  suggesting  a  derivation  from 
hornblende. 

Of  the  remaining  constituents,  epidote  is  easily  the  most  com- 
mon, and  in  some  sections,  e.g.,  of  [y^ol  '  common  in  the 
felspars  as  to  impart  a  yellow-green  tint  to  them.  It  is  associated 
also  with  both  the  chlorite  and  the  chloritic  biotite  flakes  and  at 
times  occurs  as  large  ])istachio-gTeen  grains  by  itself.  Zoisite 
grains  are  developed  occasionally  in  the  plagioclase  felspar.  Sjihene 
granules  and  calcite  grains  are  visible  in  small  amount  with  the 
chlorite,  though  the  calcite  as  already  remarked,  appears  in  some 
of  the  felspars. 

The  structure  of  the  rocks  is,'  in  almost  all  cases,  platy  and 
granular,  an  ajjproach  lo  a  poi  pliyrilic  character  being  only  rarely 
noticeable,  in  most  ol'  llic  sli(h's,  liowoN'er,  there  is  evidence  of 
considerable  mechanical  (Icrormation  or  crushing  and  sliearing. 
This  is  afforded  })y  the  extreme  gi-aiudation  of  the  interstitial  quartz 
— and,  to  a  mnall  extent,  of  tlie  l'els|>ar — tlie  granuhition  of  the 
margins  of  some  ol"  the  laigc  I'elspais,  bending  and  cracking  of 
both  llie  (|uart/  and  f('ls|)ai'  plalcs,  drawing  out  of  llie  cldorite 
scales  in  strings,  and  \ ci'v  in'ononnccd  irrcgnhir  exlinclion  in  the 
Colourless  const  it  uenls.  'i'his  crnshing  and  shearing  has,  in  some 
cases,  r;.f/.,  [  11199  I,  |  5354  I  ,5,, ].  produced  an  inci|  ieiit  though  ini- 
jjcrfecl   foliation  or  handing,  in  which  there  aie  thin  stringy  folia 
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of  chlorite  scales  separating  imperfect  bands  or  lenticles  of  quartz 
mosaic  and  sheared  felspars.  An  approach  to  a  gneissose  structure 
has  thus  resulted  in  some  of  the  rocks.  The  mechanical  deformation 
is  well  illustrated  in  [11316]  and 

2.    The  Yellow  Granite. 

This  granite  occupies  but  a  very  small  area  in  the  Meekatharra 
Field  (Plate  IV.,  sheet  B).  It  outcrops  west  and  south  of 
Yaloginda,  being  typically  developed  near  the  Chunder  Loo  Mine, 
where  it  is  seen  as  rounded  boss-like  masses  of  some  size  and 
height.  It  was  noted  as  far  north  as  the  17-mile  post  on  the 
Telegraph  Line  beyond  which  the  boundary  betAveen  the  granite  and 
the  greenstones  becomes  obscured,  and  some  distance  north  of  the 
Meekatharra  Creek,  the  gray-green  type  is  found.  Owing  to  there 
being  little  of  economic  value  associated  with  the  various  outcrops, 
it  was  inadvisable  to  devote  more  time  to  an  examination  of  them 
than  was  necessary  to  collect  a  few  specimens,  and  consequently 
none  of  the  outcrops  has  been  accurately  mapped. 

According  to  Mr.  AVoodward,  this  "yellow  granite"  is  identical 
with  his  second  type,  the  hard  porphyritic  muscovite  granite  prev- 
iously referred  to.  Like  the  latter,  it  occurs  in  rounded  hummocky 
forms  Avhich,  from  the  expansion  and  contraction  due  to  the  con- 
siderable extremes  of  heat  and  cold  in  this  latitude,  weather  in  a 
manner  recalling  the  spheroidal  weathering  of  some  dolerites. 
Sheets  or  shells  crack  off  often  with  a  loud  report  exposing  a  fresher 
spheroidal  surface  which  in  turn  is  similarly  shed.' 

In  general  appearance,  the  rock  is  a  medium-grained  granite 
of  yellowish  colour  consisting  of  quartz  and  felspar  in  almost  equal 
proportion  with  scattered  groups  ot  fine  scales  of  blackish  biotite 
and  scales  of  yellow  muscovite.  Frequently  there  are  coarse  and 
fine  microcline  i;egmatitic  varieties.  While,  in  the  mass,  the  rock 
is  massive,  at  and  near  the  margins  there  is  often  an  incipient  folia- 
tion developed,  a  phenomenon  which  has  already  been  remarked  in 
the  granite  from  Southern  Cross.  There  are  further  noteworthy 
resemblances  between  the  "Yellow  Granite"  and  tlie  latter,  both  in 
colour  and  mineral  composition. 

In  section,  the  massive  rock  consists  of  large  allotriomorphic 
plates  of  felspar  and  quartz  with  areas  in  which  the  quartz  and 
felspar  plates  appear  to  have  })een  partially  granulated  or  broken 
down  into  an  indistinct  mosaic,  and  occasional  flakes  of  brown 
pleochroic  biotite.  The  species  of  felspar  include  microcline  (wliieh 
forms  the  largest  crystals),  untwinned  forms  that  may  be  ortho- 
clase  or  microcline,  and  a  finely  twinned  plagioclase  which  is  some- 
times kaolinised  in  the  middle  or  less  commonly  micacised. 


1.  In  comporsition,  therefore,  this  grey-green  granite  approximates  closely  a  quartz- 
(liorite. 

Vide  G.S.W.A.,  Bulletin  57,  p.  25,  cet.  qs. 
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Much,  though  not  all,  of  tlie  felspar  is  turbid,  and,  enclosed 
in  the  mierocline  plates  are  sometimes  small  grains  of  quartz.  In 
the  partially  granulated  areas,  a  vermicular  micropegmatite  is  quite 
common.  Muscovite  flakes  are  rare,  and  their  occurrence  gener- 
ally associated  with  turbid  felspar  suggests  that  they  are  altera- 
tion products  of  the  latter,  though  a  few  flakes  are  to  be  seen  un- 
connected with  felspar.  Biotite  is  the  dominant  mica.  A  few 
grains  of  epidote  occur  sporadically.  Both  the  quartz  and  the 
felspar  are  not  without  cracks,  and  irregular  extinction  is  exhibited 
by  both,  though  to  a  small  extent  onlj^ 

The  foliated  variety  in  section  presents  an  appearance  strik- 
ingly similar  to  [11199],  [5354]  and  [^ig]  in  the  incipiently  foli- 
ated structure  produced  by  strings  of  brown  biotite  and  brown 
biotitic  chlorite  flakes  or  scales  generally  accompanying  bands  of 
granulated  quartz  and  felspar  mosaic,  which  curve  round  platy 
crystals  of  felspar  that  in  places  have  broken  and  granulated  mar- 
gins. There  are,  however,  distinct  lenticular  bands  of  quartz  more 
or  less  broken  doAvn  into  small  plates.  In  certain  spots,  the  rock 
is  almost  a  granulitic  biotite  gneiss  with  strings  of  biotite  scales 
separating  clear  bands  of  granulitic  quartz  and  felspar,  though  the 
strings  can  be  seen  curving  round  large  platy  crystals  of  felspar 
that  have  still  remained.  As  in  the  massive  varieties,  there  is  ver- 
micular micro-pegmatite;  there  are  crystals  Avith  indistinct  miero- 
cline structure,  but  there  is  much  iiregular  extinction,  there  are 
numerous  cracks  and  a  general  appearance  closely  approaching 
that  in  [5354],  [11199]  and  [y^qJ.  There  is  no  doubt  that  the 
foliation  has  been  caused  by  dynamic  strain,  though  there  may  have 
been — as  suggested  by  the  discontinuous  yet  homogeneous  quartz 
lenticles — some  amount  of  original  banding. 

Relation  bet  ween  the  Two  Types : 

The  question  arises  as  to  what  is  the  relation  between  the  Grey- 
Green  Granite  or  Granodiorite  and  the  Yellow  Granite.  Generally 
speaking,  in  hand  specimens  they  are  unlike.  While  tlie  former, 
represented  by  [yJtI'  ^^^^  1^^^^  yellowish-white  felspar  in  excess  of 
(]uartz  associated  with  dark  green  chlorite,  and  more  or  less  epido- 
tisation  of  the  felspars  as  well  as  a  considerable  amonnt  of  yellow 
opidote  enclosed  by  chlorite,  the  latter  is  characterised  by  yellowish- 
white  felsi)ar  with  an  o(|ual  devel()i)ment  of  quartz,  and  scattered 
scales  of  brown  biotite.  Moreover,  in  the  field  it  is  to  be  obsen-ed 
I  hat  while  jiegmatilic  mierocline  veins  are  coimnon  as  offshoots  from 
the  Yellow  Type,  occurring  often  as  tliiii  dykes  iiitnidcd  i)arallel 
to  the  schist  ])lanes  of  the  greenstones,  they  have  not  been  observed 
arising  from  tlie  Grey-Green  Type.  On  the  other  linnd,  the  (piartz 
veins  wliicli  frefiuenlly  occur  in  tlie  latter,  luive  not  been  found  in 
tlie  former.  Tlie  junction  between  the  yellow  granite  and  the  green- 
stones  is   rai-ely    much    weathered,   Ix.lli    rocks   appear   to  become 
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harder  as  the  junction  is  approached,  and  in  places,  according  to 
Mr.  Clarke,  small  lenticles  of  greenstone  are  found  in  the  gTanite 
even  some  distance  from  its  margin.  Further,  from  the  descrip- 
tions given  above,  it  is  clear  that  while  Type  (1)  the  grey-green 
granite  is  generally  sheared  and  dynamically  strained,  there  are 
specimens,  notably  [jio]  which  are  unsheared,  and  in  Type  (2), 
while  most  of  the  rock  is  massive,  there  are  undoubted  portions 
(probably  the  margins)  Avhich  show  evidence  of  much  dynamic 
strain.  Again,  while  the  difference  in  the  colour  of  the  rocks  and 
their  constituents  is  marked,  there  are  specimens  of  Type  (1),  e.g. 
[11199]  possessing  much  pinkish  felspar,  and  specimens,  e.  17.,  [j^e] 
which,  while  similar  to  [11199]  in  the  rock  mass,  nevertheless  on 
the  weathered  surfaces  show  a  distinct  resemblance  to  Type  (2). 

In  mineral  composition  there  is  a  resemblance  between  such 
specimens  as  [11199]  and  [y^q]  of  Type  (1),  and  the  Yellow 
Granite,  mainly  in  the  species  of  felspar  present,  and  between 
[11199]  and  [5354]  on  the  one  hand,  and  the  foliated  variety  of 
Type  (2)  on  the  other,  both  in  structure,  effects  of  deformation,  and 
apparently  in  the  species  of  felspar  present  in  both.  On  the  other 
hand,  green  chlorite  and  hornblende  and  highly  epidotised  felspars 
are  peculiar  to  Type  (1). 

For  the  Cue  District,  Mr.  Woodward  is  definite  about  the  re- 
lation of  the  two  types.  Writing  of  the  "Hard  porphyritic  mus- 
covite  variety,"  he  states: — 

This  type  of  granite  is  evidently  of  more  recent  origin  than  the  horn- 
blende variety  into  which  it  has,  as  previously  stated,  been  intruded  in  the 
form  of  either  magmas  or  dykes,  which  are  exposed  in  the  form  of  sheets, 
bosses,  or  dykes  after  the  latter  class  of  rock  has  been  removed  by 
erosion  ^ 

In  the  Meekatharra  area,  however,  the  evidence  at  present  in 
hand  is  not  sufficient  to  be  conclusive.  Undoubtedly  in  the  case  of 
the  type  specimens  there  are  marked  differences  and  the  peculiar 
boss-shaped  outcrops  suggest  a  later  age  for  the  Yellow  Grranite; 
But  the  occurrence  of  what  from  their  structure  and  composition 
appear  to  be  intermediate  varieties  presents  difficulties  which  can 
only  be  cleared  up  by  accurate  mapping  of  the  outcrops  and  the 
examination  of  a  suite  of  specimens. 

B. — Porphyries. 

A  remarkable  feature  of  many  of  the  porphyries  of  the  area 
is  the  fact  that  they  do  not  outcrop  at  the  surface.  Even  under- 
ground in  the  mines,  in  many  cases  they  are  so  weathered  that  it 
is  only  with  extreme  difficulty  they  can  be  identified  and  traced,  and 
not  infrequently  their  presence  can  be  only  inferred  from  the  char- 
acter of  the  kaolinic  decomposition  products.    Such  a  well-marked 

1.  Bixlletin  57,  p.  29,  et.  seq. 
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geological  feature  as  the  Paddy's  Flat  porphyry,  for  example,  would, 
from  surface  indications,  never  be  suspected,  though  below  300ft.  it 
is  generally  a  beautifully  fresh,  hard  rock,  fairly  constant  in  petro- 
graphical  character  through  a  series  of  mines.  In  the  Hornsby,  the 
Beverley,  and  two  or  three  other  groups  of  workings,  no  fresh  por- 
phyry could  anywhere  be  discovered,  and  determination  of  its  former 
presence  has  depended  on  relics  of  original  structure  and  composi- 
tion preserved  in  Avhite,  yellow  or  red-staiiied  clays.  Moreover, 
careful  study  has  shown  that  there  is  a  considerable  degree  of  varia- 
tion both  in  mineral  composition  and  structure  in  the  various  occur- 
rences. They  are  found  mostly  in  isolated  spots,  often  with  no  con- 
nection between  them  traceable  in  the  field,  either  on  the  surface  or 
underground ;  and,  owing  to  the  advanced  decomposition  of  the 
majority  of  the  rocks  in  the  area,  their  field  relations  to  other  types 
are  usually  obscure. 

When,  therefore,  attempts  were  made  both  to  delimit  the  boun- 
daries of  those  dykes  and  to  correlate  the  specimens  from  different 
localities  with  the  object  of  tracing  probably  continuous  dykes,  mucli 
difficulty  was  experienced.  In  default  of  definite  evidence  of  con- 
nections from  field  work — Avhich  was  frequently  unobtainable — re- 
course was  had  perforce  to  evidence  afforded  by  such  characters  as 
structure,  composition,  and  strike,  and  by  a  comparison  of  the 
])roducts  of  alteration  in  the  rocks  in  the  various  mines.  While  the 
limitations  of  these  criteria  were  fully  recognised,  results  have  been 
obtained  which,  it  is  claimed,  are  as  accurate  as  the  circumstances 
of  the  investigation  Avill  allow. 

Classification. — From  the  iioint  of  view  of  mineral  composition 
and  structure,  the  rocks  may  be  grou]^ed  in  tlie  following  divisions : 

(a)  Albite  porphyries  williont  quartz; 

(b)  Albite  porphyries  with  (juartz; 

(c)  Granitic  porphyries; 

(d)  Albite  por])hyries  with  cliloritic  and  actinolitic  needles 

and  nests ; 

(e)  ddoi-ilic  albite  p(n-i)hyries  willi  chlorile  in  small  scales; 
(f. )  Felsitic  (puirtz  ]K)ri)hyries ; 

(g)  ] I()nibl(Mide-(juart/  ])()i'p]iyry  or  porphyrite. 
While,  howcNcr,  all  tlicse  dixisioiis  are  recognisable,  it  has  ])een 
loiind  llial,  ill  spite  of  ilie  differences,  lliei'e  are  very  strong  simi- 
huilies  behveen  specimens  from  different  localities,  (here  are  con- 
siderable \aiial ions  both  in  slrnclni'e  and  miiu'ral  composition  in  the 
sjinie  dyke,  and  nol  only  ai'e  tlie  dykes  tlieniseh'es  mostly  located  in 
dislinct  niine-uronj  s,  but  Liciierally  nioi'e  than  one  of  the  abo\-e 
divisions  are  dcNclopecl  in  any  uronp  of  leases.  i^'or  deai-ness  and 
con\('nience,  lliei-eroi'e,  in  the  treatment  ol"  the  rocks,  ;is  well  as  on 
aeconni  ol'  the  incicased  ease  with  which  the  dist  libut  ion  of  the  locks 
niid,  conse(pient  ly,  of  the  Mnrifei'ons  formations  can  he  gras|ted,  it 
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has  been  considered  more  desirable  to  classify  these  porphyries  on 
a  basis  of  mine-groups.  They  will,  therefore,  be  described  under 
the  following  heads : — 

(a)  Paddy's  Flat  Dyke; 

(b)  The  Yaloginda  Group  of  Dykes; 
(e)  The  Maranui  Dyke; 

(d)  The  Commodore-Halcyon  Dyke; 

(e)  The  Romsey  Dyke; 

(f)  The  Pioneer  Dyke; 

(g)  The  Northern  outcrops; 

(h)  Doubtful,  much  weathered  Dykes. 

The  distribution  and  boundaries  of  the  rocks  arrived  at  by  a  co- 
ordination of  both  field  and  microscopic  work  will  be  found  on 
Plate  IV.,  Sheet  B. 

(a)  The  Paddifs  Flat  Dyle. 

This,  the  most  important  of  the  porphyry  dykes  of  the  Area, 
runs  through  the  Paddy's  Flat  Belt  in  a  general  north-easterly 
direction  almost  continuously  from  the  Gwalia  Extended  grou])  of 
leases  at  the  soutli  end  of  the  Paddy's  Flat  Belt  to  the  Ingliston 
North  G.M.L.  Owing  to  the  facility  with  which  it  decomposes  to 
a  Avhite  kaolin,  and  to  the  thick  covering  of  lateritic  material  on  the 
surface,  it  has  never  been  found  outcropping,  but  in  the  mine-work- 
ings, especially  at  the  lower  levels,  it  forms  an  almost  continuous 
dyke.  Where  fresh  it  is  of  a  semi-translucent  white  colour,  is  hard 
and  flinty,  and  so  fine-grained  that,  were  it  not  for  occasional  re- 
flecting surfaces  of  felspar  crystals,  it  would  easily  be  mistaken 
for  quartz  or  quartzite.  Only  careful  search  reveals  the  presence  of 
small  white  phenocrysts  of  felspar  and,  occasionally,  of  quartz, 
thougfh  veinlets  of  quartz  and  sometimes  films  or  incrustations  of 
crystalline  carbonate  are  sometimes  to  be  seen  in  it.  There  is  an 
entire  absence  of  ferro-magnesians  and,  in  the  freshest  specimens, 
even  of  muscovite.  Grains  and  small  crystals  of  ]:>yrites  and,  more 
rarely,  of  arseno-pyrite  are,  however,  generally  to  be  found.  In  the 
mass,  a  bloeky  structure  due  to  cross-jointing"  frequently  appears. 

The  rock  is  prone  to  decomposition,  and,  as  a  result,  its  colour 
undergroes  considerable  change.  In  some  specimens,  while  part  of 
the  rock  is  still  white  and  fresh,  part,  owing  to  the  production  of 
much  whitish  muscovite  or  paragonite  lias  taken  on  a  jiale  yellow 
tint.  Other  specimens  are  wholly  altered  to  the  micaceous  material 
except  for  blebs  of  white  quartz;  others,  similarly  altered,  have 
become  dark  gTayish-yellow  in  tint,  though  still  retaining  a  semi- 
translncency.  In  some  varieties  quartz  veinlets  are  absent,  in  others, 
quartz  veins  are  common  and  thick,  and  in  others,  portion  of  the 
rock  consists  entirely  of  quartz.  In  rarer  cases,  very  quartzose  por- 
tions are  penetrated  by  veinlets  of  white  crystalline  carbonate. 
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In  section  the  rock  is  composed  of  irregularly-outlined  pheno- 
crysts  of  felspar  and  somewhat  rare  phenocrj^sts  of  quartz  in  a 
ground-mass  of  irregular  felspar  plates  and  laths  of  extremely 
varied  outline ;  a  little  quartz  in  small  grains  is  interspersed  amongst 
the  felspar.  The  felspar  phenocrysts  are  generally  more  or  less 
tabular  or  columnar,  frequently  kaolinised  and  micacised.  Quartz 
phenocrysts  are  rare,  but  when  present,  are  rounded,  squarisli,  or 
irregular  in  outline,  sometimes  granulated  at  the  margins  and  at 
times  embayed  by  the  ground-mass.  The  latter  is  mostly  fine-grained, 
with  little  plates,  rods  or  laths  of  felspar  far  in  excess  of  the  small 
gTains  of  quartz.  In  some  specimens  quartz  is  almost  entirely  ab- 
sent (Fig,  75).    Most  commonly,  there  is  no  trace  of  ferro-mag- 


Fig.  75. 


Photo  :  R.  A.  F.  Nog  1235. 

Microphotograph  [„',,]. — Showing  a  mass  of  small  platy  felspar 
crystals. 


nesians,  bul  larely  a  flake  of  greenish  chlorite  is  visible  in  section, 
and  on  a  few  specimens  there  is  n  crnsi  of  gi-eon  chh)ri1ic  scales  and 
carbonate  ])lates. 

In  llic  yellowish  sitccinicns,  the  felspar  lias  been  almost  wholly 
replaced  by  uiiile  inicji  scmIcs  in  strings  and  aggregates.  The  S|)ocies 
of  fels|>jir  present,  ow  inu'  t<>  tlie  kaolinisation  and  to  pancily  of  crys- 
tals sliowing  clear  laiiiellnl  ion,  wns  diflicult  to  determine,  but  in  those 
cases  where  observations  of  the  extinctive  angles  on  synnnelrical 
albite  twins  eonld  be  made,  it  appeared  to  ho  all)ite.    A  chemical 
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analysis  of  an  average  specimen  of  the  fresh  rock  [/q]  performed 
in  the  Survey  Laboratory  confirmed  this  identification  and  gave  these 
resuhs : — ■ 


I. 

11. 

810-2 

77-78 

77^66 

AI2O3 

n-87 

12  30 

•49 

•61 

FeO 

•32 
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MgO 
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CaO 
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Fe  
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As  
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85* 

S  
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Fe  

S2  

•16\ 
•18J 

34 1 

Ignition  Loss 

•59 

•46 

Total  .. 

10014 

99  24 

I,    Specimen  [^]  :  Fenian  G.M.,  Level  No.  5.    Analyst,  H.  Bowley. 
n.    Quartz  keratophyre  :     Navigation  Creek,  Noyang  District,  Omeo, 
Victoria,  Australia. 

It  will  be  at  once  evident  that  the  rock  is  extremely  acid,  and 
that  practically  the  whole  of  the  felspar  is  albite.  The  small 
amounts  of  CaO,  MgO,  and  FeO  are  accounted  for  by  the  presence 
of  chloritic  scales  and  carbonate  crystals  occurring  as  a  crust  on 
the  specimen  analysed. 

Tlie  Paddy's  Flat  dyke,  therefore,  is  an  albite-porphyry  with  or 
without  quartz  phenocrysts.  Its  remarkable  resemblance  to  the 
Quartz-keratophyre  from  Omeo,  Victoria,  is  shown  by  Analysis 
II.,  quoted  for  comparison. 

fb)     The  Yaloginda  Group  of  Dykes. 

There  are  outcrops  of  porphyry — frequently  as  hillocks — at 
intervals  from  the  neighbourhood  of  the  Sirdar  Group  to  the  south- 
ern boundary  of  the  Area,  a  distance  of  nearly  five  miles.  Though 
these  exhibit  sundry  minor  differences,  both  for  convenience  in  de- 
scription and  on  account  of  remarkable  similarities  between  them, 
these  have  all  been  gTouped  under  the  title  of  the  Yaloginda  Dyke. 

The  most  northerly  outcrop  is  just  west  of  the  Sirdar  Group. 
The  rock  rejiresented  by  47d  [g^^]  is  fine-grained,  white  and  fresh, 
with  some  micaceous  scales.  In  section,  there  are  numerous  small, 
irregularly  outlined  but  mostly  rounded  or  stumpy  columnar 
phenocrysts  of  slightly  kaolinised  felspar,  and  rather  rare  rounded 
phenocrysts  of  clear  quartz  in  a  fine-grained  ground-mass  made  up 


•  Represents  arsenopyrite. 
t  Represents'  pyrite. 
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almost  wholly  of  ragged  plates  and  occasional  stumpy  laths  of  fel- 
spar, with  infrequent  quartz  plates  and  with  strings  and  scattered 
scales  of  white  mica.    'The  felspar  is  almost  AvlioUy  albite. 

This  rock,  in  external  appearance,  in  mineral  composition  and 
structure,  is  almost  identical  with  the  Paddy's  Flat  albite  porphyry. 

Some  distance  to  the  south  of  this,  about  20  chains  north-west 
of  the  N.W.  peg  of  the  Black  Jack  Group,  there  appears  an  out- 
crop of  a  somewhat  weathered,  dull,  creamy-white,  fine-gTained, 
highly  felspathic  rock,  with  minute  specks  of  a  dark-green,  at  times 
of  a  light-green  colour,  in  the  white  mass.  Sections  from  typical 
specimens,  e.g.  [^Js]  ^^^ow  the  rock  to  consist  largely  of  ragged 
phenocrysts  of  a  cloudy  kaolinised  felspar  in  a  gTanular  ground- 
mass  composed  almost  wholly  of  felspar  in  small  ragged  laths  and 
plates.  Quartz  is  absent  from  among  the  phenocrysts,  nor  was  it 
observed  in  the  ground-mass.  At  intervals  through  the  latter  are 
small  nests  or  bundles  of  fibres  of  a  dirty-yellow  tint.  Owing  to 
the  minuteness  of  the  needles  and  the  dense  nature  of  the  bundles, 
it  was  impossible  to  definitely  determine  the  mineral.  In  some  re- 
specls,  its  characters  were  micaceous,  in  others,  those  of  minutely 
acicular  actinolitic  or  tremolitic  inclusions  in  quartz  and  felspar. 
In  places  the  needles  traverse  the  felspar  phenocrysts.  The  rock 
is  highly  felspathic,  though  the  species  of  felspar  were  not  deter- 
minable. 

In  shaft  25,  Kelpy  Group,  a  little  to  the  north  of  the  above, 
there  outcrops  a  fine-grained  white  porphyry  [yu9^]>  which  in 
colour  and  granularity  has  the  external  appearance  of  beet-sugar, 
and  which  exhibits  greenish  chloritic  material  along  cracks.  In 
section,  the  rock  proves  to  be  an  albite  porphyry  with  ragged  col- 
umnar and  platy  phenocrysts  of  slightly  clouded  felspar  in  a 
ground-mass  of  felspar  in  small  grains  and  less  common  ragged 
laths.  All  the  crystals  are  ragged,  and  the  iihenoerysts  sliow,  fre- 
quently, bent  lamellalion,  cracks,  faults,  and  irregular  extinction 
as  evidence  of  dynamic  strain.  The  pori)liyritic  character  is  not 
well  characterised.  An  analysis  of  this  rock  in  the  Survey  Labora- 
tory gave  the  following  results: — 


SiO.   08.19 

Al.,6,   11).47 

Fe,0,   08 

FeO   24 

CaO   21 

MgO   13 

K..0   06 

Na._.0   11. (iO 

Ignit ion  Ivoss  .  .        .  .        .  .        .  .        .  .  .2() 


Total   100.24 


AiialvHt,  H.  B()wl<\v. 
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The  remarkable  feature  of  this  analysis  is  the  extremely  high 
percentage  of  soda,  proving,  with  the  almost  complete  absence  of 
potash,  that  the  felspar  is  wholly  albite.  Since  [jis]  closely  re- 
sembles [jjg]  though  [f^g]  is  without  the  acicular  wisps  and 
needles,  both  must  be  put  down  as  albite  porphyries,  and  though 
their  structure  differs  slightly  from  that  of  the  Paddy's  Flat  dyke 
there  is  little  doubt  they  are  genetically  connected  with  it. 

Finally,  at  the  most  southern  end  of  the  Area,  about  a 
quarter-mile  west  of  the  32-lry2rM.P.,  on  the  Railway  line,  and 
again  about  three  chains  west  of  this  point,  a  fine-gTained  felsitic 
porphyry  dyke  has  been  found  outcropping.  The  outcrop  at  the 
former  position,  represented  by  [xfs]  ^  dark-grey,  minutely- 
grained  flinty  rock,  resembling  on  the  fresh  surfaces  some  varieties 
of  flinty  quartzites.  On  weathering,  the  rock  })ecomes  yellowish- 
white,  A  section  of  this  type  shows  a  few  rounded  quartz  pheno- 
crysts,  and  small  ragged,  columnar  and  platy,  partially  kaolinised 
felspar  phenocrysts  in  a  fine-grained  platy  gTound-mass  composed 
mostly  of  polygonal  granules  of  felspar  and  some  quartz,  and  with 
grains  of  calcite,  flakes  and  small  strings  of  colourless  muscovite, 
and  rare  scales  of  green  chlorite  scattered  through  the  mass.  A 
peculiarity  of  the  rock  is  the  presence  of  rounded  aggregates  of 
]?lates  of  a  minute  felspathic  intergrowth,  of  rounded  plates  of 
felspar  with  a  radial  structure,  and  of  a  coarse  quartz-felspar  in- 
tergro'.v'th. 

The  outcrop  somewhat  west  of  this,  [yyq],  is  a  dull,  pinkish 
extremely  fine-grained  felsitic  rock,  with  quartz  veinlets  and  with 
some  felspar  crystal  visible  to  the  naked  eye.  In  section,  it  is  seen 
to  be  patchy.  Some  patches  are  microcrystalline,  others  are  com- 
posed of  a  fairly  coarse  mosaic  of  kaolinised  felspar  and  quartz 
plates.  The  rock  shows  a  distinct  approach  to  the  granophyric 
structure,  quartz  and  felspar  intergrowths  making  up  much  of  the 
mass.  In  fact,  except  for  the  rare  cloudy  phenocrysts,  almost  the 
whole  of  the  felspar  is  contained  in  a  quartz-felspar  intergrowth 
often  so  fine  as  to  be  distinguishable  only  with  difficulty.  An  occa- 
sional patch  of  quartz  mosaic  occurs  in  jilaces  as  well  as  a  few 
scales  of  yellowish  chlorite, 

P)Oth  these  outcrops,  therefore,  are  of  felsitic  quartz  pophyry, 
but  whether  they  are  but  varieties  of  the  same  rock  mass  is  difficult 
to  state.  Both  in  hand  specimens  and  in  structure  [jj^j  differs 
from  [yyq]  but,  since,  owing  to  the  fineness  of  grain  of  [jj-^'] 
and  the  kaolinised  condition  of  the  felspar  in  [j^g],  it  was  impos- 
sible to  determine  the  species  of  felspar,  since  there  are  no  analyses 
at  hand  to  indicate  whether  potash  or  soda  is  predominant  in  them, 
and  since  it  was  impossible  to  determine  their  relation  in  the  field 
to  one  another,  to  other  porphyries,  or  to  granitic  masses,  or  even  to 
the  surrounding  rocks,  their  affinities  must  for  the  present  remain 
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obscure.  The  felspar  of  [^jg]  would  appear  not  to  be  albite  but 
either  orthoclase  or  mierocline.  On  the  other  hand,  [i^sJ'  bears 
some  resemblance  to  varieties  both  of  the  Paddy's  Flat  and  of  the 
Maranui  dyke,  so  that  [jjq]  may  be  a  dyke  genetically  different 
from  the  albite  porphyries  of  the  field. 

T]te  Maranui  Dyke. 

This  outcrops  about  a  quarter  of  a  mile  east  of  the  Karang-a- 
haki  Belt  and  has  been  followed  for  about  a  quarter  of  a  mile  in 
a  southerly  direction.  Beyond  this,  it  is  lost  sight  of,  but  boulders 
of  tourmaline-bearing  quartz  may  indicate  its  extension  towards 
Khen's  prospecting  area.  The  outcrop  varies  somewhat  in  external 
appearance,  but  the  chief  characters  are  represented  in  [^^4]  and 
[risJ-  -^^^^  former  [-x^^],  from  about  eight  chains  north  of  the 
north  end  of  the  Maranui  (G.M.L.  899n)  is  a  semi-translucent 
felsitic  flinty  rock  with  occasional  phenocrysts  of  felspar  and  some 
minute  veinlets  of  quartz  and  pin-heads  of  yellow  micaceous  and 
of  soft  greenish  talcose  material.  In  section  there  are  occasional 
large  highly  kaolinised  phenocrysts  of  felspar,  and  rarely  a  rounded 
phenocryst  of  quartz  in  a  fine-grained  ground-mass,  consisting  of 
shapeless  small  plates  and  short  thin  ragged  laths  of  felspar  and 
grains  of  quartz,  though  the  latter,  on  account  of  the  fineness  of 
grain,  is  difficult  to  determine.  Numerous  minute  veinlets  of  quartz 
and  of  quartz  and  felspar  plates  traverse  the  slides,  and  in  the 
ground  are  small  radiated  nests  of  yellow-stained  fibres  that  re- 
semble at  times  chloritised  actinolite  needles,  at  times  altered 
micaceous  wisps.  In  addition,  in  the  gTound  are  small  scaly 
patches  of  a  mixture  of  talc  and  chlorite  scales  and  some  calcite 
grains.    Felspar  is  predominant  and  the  species  is  albite. 

[^5]  differs  from  [yj^]  in  being  dark-grey  in  colour,  with  a 
weathered  red  crust  and  with  phenocrysts  of  quartz  and  felspar 
easily  distinguishable.  The  ground-mass  closely  resembles  that  of 
the  dark-gTey  micaeised  varieties  of  the  Paddy's  Flat  dyke. 

In  section,  there  are  large  highly  kaolinised  ])henocrysts  of 
striped  felspar  and  fewer  of  quartz  in  a  liolocrystalline  ground-mass 
of  quartz  grains  and  irregular  plates  and  latlis  of  felspar.  Tln-ough- 
out  the  ma.ss  are  small  flakes  and  strings  of  colourless  mica.  While 
the  phenocrysts  have  not  been  micaeised,  they  frequently,  however, 
enclose  sranular  calcite.  Occasionally,  there  ai)]iear  small  green 
scales  and  elongated  columnar  scaly  aggregates  of  greenisli  clilorite 
with  associated  calcite,  wliicli  are  ])robably  pseudomorplis  afler  a 
a  ferro-magnesian. 

Though  the  species  of  felspar  in  J  5]  could  not  be  made  out 
accurately,  there  is  little  d()u))t  that,  as  in  [jJ.JJt  is  i)redominantly 
albilc.  These  two  specimens,  therefore,  which  ai'c  put  down  as 
an)ilc-(|iKH'l/-|)<>r|»liyi'i('S,  may  be  regard(>d  as  l)ul   \ai-i(>ties  of  the 
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same  dyke  mass.  They  are  imcloubtedly  so  in  the  field.  Moreover, 
both  in  appearance  and  in  structure  and  mineral  composition  they 
closely  resemble  the  varieties  of  the  Paddy's  Flat  porphyry  and 
are  probably  genetically  connected  with  it. 

(d)  The  C  ommod  ore-Haley  on  Dyke. 

In  the  Commodore  and  Halcyon  Groups  specimens  have  in 
places  been  obtained  of  rocks  which,  while  varying  in  appearance 
within  wide  limits,  are  nevertheless  characterised  by  fairly  constant 
and  peculiar  microscopic  characters.  Typical  specimens  are  345c 
and  346c  [gy^]  from  the  Commodore  North,  crosscut  east, 
107ft.  level,  about  200  feet  from  shaft  L;  73d  [g^g]  ±*^om  the 
Commodore  North  dump  (shaft  I)  ;  [^Jx]  '^''^^m  the  Commodore 
G.M.,  No.  3  level,  near  the  north  end  of  drive  on  East  lode;  and 
from  the  Halcyon  Extended  G.M.L.,  160ft.  level,  south  end 
(near  shaft  H). 

In  hand  specimens,  these  vary  from  dark,  grey-green  rocks 
such  as  [gjg]  showing  numerous  reflecting  surfaces  of  felspar  in 
a  dark-greenish  chloritic  mass  with  numerous  crystals  of  pyrites, 
to  weatherrd  forms  like  73d.  [glc],  in  which  the  characters  of 
[3^]  are  obscured  by  yellow  alteration  products  such  as  granular 
limonite  and  yellow-stained  chlorite. 

In  section,  346c  [3^5^]  is  a  comparatively  fine-grained  rock 
consisting  entirely  of  ragged,  irregular  laths  or  small  columns  of 
irregularly  twinned  felspar  with  an  equal  development  of  small 
jjlates  of  the  same  mineral  distributed  between  the  laths  and 
columns.  Karely  some  columnar  and  rounded  felspar  crystals  are 
larger  than  the  others.  There  is  no  trace  of  ferro-magnesian,  except 
jjerhaps  in  minute  needles  now  of  oxidised  iron  ore. 

In  73d  [873]'  which  specimens  are  considerably  decom- 
])osed  and  of  a  yellow  colour  due  to  earthy  limonite,  there  are  coarse 
plates  and  columns  of  felspar  with  numerous  small  nests  of  yellow 
chloritic  scales  associated  with  brownish  dusty  iron  ore.  The  fel- 
spars examined  proved  to  be  either  albite  or  near  andesine.  In 
some  sections,  remnants  of  columnar  ferro-magnesian  forms,  pos- 
sibly hornblende,  occur,  as  well  as  occasional  apatite  needles. 

In  [jJy]  there  is  a  fine-grained  loose  plexus  of  rather  ragged 
laths  of  felspar  in  the  numerous  yellow-green  chlorite  scales,  and 
scaly  patches.  Sections  closely  resemble  those  of  [3-76 1»  but  the 
felspars,  instead  of  being,  as  in  [gye]'  large  platy  and  columnar 
forms,  are  in  a  fine-grained  plexus.  A  small  amount  of  quartz  in 
minute  plates  ajjpears  in  places. 

345c  [-3^y]  differs  considerably  from  these  rocks.  Sections  show 
many  large  yellowish-brown  columnar  and  platy  forms  of  a  chlo- 
ritised   ferro-magnesian   separated   by  large   platy  and  columnar 
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crystals  of  a  slightly  kaolinised  felspar  with  occasional  large  apa- 
tite needles.  The  ferro-magiiesian,  from  the  shape  of  the  longitud- 
inal and  cross-sections  as  well  as  from  measurements  of  the  prism 
angles  was  undoubtedly  hornblende.  The  felspar  is  difficult  to 
determine  owing  to  the  indefiniteness  of  the  twinning,  but  appears 
in  at  least  one  instance  to  be  albite,  A  peculiarity  of  the  mineral 
is  that  many  of  the  plates  scarcely  exhibit  twinning  and  resemble 
platy  orthoclase;  others  liave  an  indefinite  broad  lamellation;  some 
are  micacised. 

The  affinities  of  this  rock  are  not  clear.  Certainly,  from  the 
field  evidence,  it  is  of  the  same  rock  mass  as  [3^5^] ,  the  former  being 
from  the  margin  of  the  mass,  and  the  latter  from  well  inside  the 
margin.  On  the  other  hand,  as  will  be  seen  by  reference  to  the 
Greenstone  Division,  there  is,  allowing  for  the  alteration  by 
weathering  in  345c  [gjy],  a  resemblance  between  it  and  [gjg] 
which  is  undoubtedly  a  fresh  greenstone  of  syenitic  or  dioritic 
character.  The  weathered  nature,  hoAvever,  of  the  specimen,  to- 
getlier  with  the  fact  that,  owing  to  the  limited  extent  of  the  work- 
ings, it  was  possible  to  obtain  the  rock  only  in  one  spot,  render  it 
impossible  for  the  present  to  state  whether  it  is  a  marginal  facies 
of  [gy-s]  or,  if  not,  what  its  genetic  relationships  really  are. 

With  the  rossible  exception,  then,  of  345c  [g^y]  the  rocks 
of  these  mines  are  all  very  similar  both  in  com]^osition  and  struc- 
ture. They  all  consist  of  plates  and  laths  of  irregularly  twinned 
felspars  forming  a  coarse  or  fine  plexus  and  all  fairly  fresh,  with 
associated  greenish  and  yellowish-green  or  yellow  scales  and  scaly 
aggregates  of  chlorite  Avitli  more  or  less  ajuitite  in  minute  needles. 
In  eveiy  case,  with  the  above  exception,  the  felsjiar  appears  to  be 
albite,  and  in  nearly  every  case,  there  is  in  the  rocks  a  strong  de- 
velopment of  pyrites  in  small  crystals.  The  rocks  are  all  apparently 
chloritic  albite  jjorphyries. 

Tliis  ])eeuliar  facies  is  not,  however,  confined  to  the  Commo- 
(l<)i{!  and  Halcyon  grou]  s.  About  15  chains  west  of  the  N.W.  j  eg 
of  Black  Jack  (G.M.L.  83-In),  i.e.,  about  5  cliains  to  tlie  south-east 
of  [jJ-q  ]  wliicli  is  similar  to  the  Paddy's  Flat  dyke,  tluM-e  is  an 
outcrop  of  a  fine-grained,  dark,  grey-gTeeii  rock  [^gx]  which  con- 
sists on  tlie  fresh  surface  of  pale  yellowish-grey  I'elsjtathic  nui'ovial 
interspersed  with  small  dark-green  chloritic  ])atclies.  At  first  sight, 
tlie  rock  rcscmldcs  many  felspatliic  greenstones,  but,  in  section,  it 
.•iDpeais  as  a  mass  of  large,  ])laty  and  numerous  small  columnar  or 
broad  lal  1i-s1ki|  (m1  felspar  cryslals  Corniing  a  coarse  |  lexus  of  plates 
and  colunins.  The  outline  of  all  tli(>  forms  is  rauged  and  uneven, 
wliile,  i:;  tlic  mass,  ai'c  occasional  scales,  ><calv  aggregales  and  small 
strings  of  rale  yellowisli-gi'ecMi  cliloi'ile  and  a  few  gi'ains  of  black 
iroJi  ore.  l^'elsj  ar  forms  llie  bulk  of  llie  nn-k,  tlie  (dilorile  ])eing 
relati\('ly  siii;dl  in  ainounl   (  i^'ig.  7()). 
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•Tliis  outcrop  is  therefore  strikingly  similar  to  such  cliloritic 
albite  porphyries  as  [g-fel  ^^'om  field  evidence  it  has  been  ma])ped 
as  an  offshoot  of  the  Yaloginda  Dyke. 


Fig.  76. 


•  Photo  :  R.  A.  F.  Neg.  1237. 

Microphotograph  f.,\l. — The  section  consists  wholly  of  platy 
and  ragged  columnar  felspars  with  scattered  scales  of 
green  chlorite. 

Again,  in  other  specimens  from  the  Commodore,  e.g.  [g^g] 
from  the  Commoiore  No.  3  Level,  north  end  of  drive  on  East  Lode, 
a  very  considerable  amount  of  contortion  has  taken  i)lace  and  there 
is,  moreover,  a  small  development  of  a  green  micaceous  mineral 
referred  to  fuchsite.  The  plexus  of  ragged  laths  of  felspar,  how- 
ever, still  persists. 

(e)  The  Romseij  Dyke. 

In  the  Romsey  Group,  rocks  have  been  encountered  under- 
ground whicli  show  the  remarkable  similarities  to  those  occurring 
in  the  Commodore-Halcyon  Dyke.  These  are  respresented  by  [j^q'] 
and  [j^y]  Morris'  P. A.;,  at  the  north  end   of  the  Romsey 

TG.M.L.  891n)  ;  [  ^  ]  from  the  Romsey  G.M.L.,  main  shaft,  bottom 
level,  north-south  end;  and[g|g]  from  Rom«ey  shaft  3,  bottom  level. 

Tiir]  ^  much  altered,  brownish-yellow,  fine-grained  ro!^k 
with  several  small  parallel  broken  quartz  veinlets,  apparently  filliu'? 
cracks  or  joints.  Tliere  is  another  series  of  cracks  without  quartz, 
nearly  at  right  angles  to  the  veinlets  and  seemingly  faulting  the 
latter.    Some  oxidised  pyrite  crystals  occur  in  places. 
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In  section,  alteration  is  pronounced  in  the  rock  and  there  is 
much  yellow  staining.  There  are  numerous  small  lath-shaped  and 
thin  prismatic  crystals  of  a  highly  lamellated  felspar  with  some  small 
round  grains  of  quartz  and  numerous  grains  apparently  of  limonite. 
There  is  much  yellow  chlorite  in  veins  and  in  scattered  scales.  De- 
composition has  greatly  obscured  the  character  of  the  rock  but  it 
appears  to  be  a  tine-grained  felspathic  plexal  chloritic  porphyry. 

[rrr]  altered  albite  porphyry  with  quartz  veinlets  and 

yellow  chloritic  scales  essentially  similar  to  [j^j]  and  L17J7-]. 

[339]  ^^^^  other  hand,  presents  an  exceptional  appearance. 
This  is  a  sheared  dark  green  very  fine-grained  chloritic  rock  with 
quartz  veinlets  along  which  there  has  been  a  considerable  amount 
of  bleaching  of  the  chlorite  with  the  production  of  a  reddish  margin 
on  both  sides  of  the  vein,  and  in  places  where  the  quartz  stringers 
have  penetrated  along  the  shear  planes.  The  rock  resembles  a 
fine-grained  sheared  chloritic  gTeenstone. 

Under  the  microscope,  however,  it  is  found  in  some  sections  to 
consist  of  a  mass  of  numerous  small  very  ragged  laths  of  irregularly 
twinned  felspar  and  small  plates  forming  a  very  loose  plexus.  The 
twinning  in  many  of  the  laths  gives  rise  to  a  structure  with  an  ap- 
pearance like  that  of  rods  (the  lamellae)  diverging  from  a  com- 
mon centre;  the  lamellae,  also,  are  often  slightly  curved.  All  over 
the  felspar  plexus  are  small  greenish  scales  and  strings  of  a  chlorite 
with  occasionally  associated  small  black  grains,  greyish  by  incident 
light  and  hence  perhaps  leucoxene.  Granular  aggregates  and  grains 
of  a  carbonate  are  not  infrequent  in  the  sections. 

Other  sections  of  this  rock,  parallel  to  the  shearing,  curiously 
enough,  show  a  different  structure.  In  these,  there  are  a  few  col- 
umnar kaolinised  phenocrysts  of  felspar  and  more  numerous  small 
lath-shaped  phenocrysts  of  felspar  in  a  very  minutely  grain<Ml 
ground  mass  api)arently  of  felspar  and  scales  of  pale  green  chlorite. 
There  is  a  suggestion  of  parallel  alignment  of  the  fels})ar  lalhs 
wliich  may  be  due  to  shearing  or  may  be  a  primary  How  slructnre. 
Very  indistinctly,  in  ])laces  in  the  ground-mass,  are  visible  tracer 
of  a  j)lexal  cliaracter  resembling  that  in  the  previous  sections.  Tlic 
character  of  the  fels))ar  is  again  undeterminable  with  certainty, 
l)ut  a))pears  to  be  albite. 

From  tlie  resemblance  of  the  rock  in  sonic  slides  to  [.^  J^]  and 
riiil  conjunction  with  the  porpliyi-it ic  mixture,  it  would  appear 
to  be  again  a  cliloritic  all)it('  jjorpliyry,  tliough  furtlier  specimens 
and  more  information  as  to  its  fiehl  relations — at  present  (juite  un- 
obtainable-  are  (l('sii-al)le  before  its  allinities  (Mncrge  tVom  obscurity. 

ff)   '/'he  /'iorwer  droKj). 

Just  east  of  Meekat iiari'a  in  the  i'ioncci-  (Iroup  of  leas(>s,  acid 
porphyries   Iiavc   been    disco\ere<l.      The  (Ji'oup  iuchules  Sax'age's 
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(93n),  the  Pioneer  Continuation,  the  Pioneer  West,  and  the  Sweet- 
heart. In  the  latter,  the  rock  is  in  a  state  of  decomposition  too  ad- 
vanced for  any  microscopic  examination,  but  the  kaolinic  remains 
leave  little  doubt  that  the  original  was  a  porphyry  similar  to  those 
in  the  other  leases.  The  only  outcrop  of  the  rock  occurs  in  the 
Pioneer  West,  the  specimens  from  Savage's  and  the  Pioneer  Con- 
tinuation being  obtained  from  the  mine  workings. 

The  rock  from  Savage's  (93n)  is  represented  by  [^42]*  "^^^^^ 
is  a  granitic  porphyry,  yellowish-gTay  in  colour,  of  rather  fine  grain, 
with  crystals  of  quartz  easily  visible  in  a  pale-yellowish  felspathie 
mass,  or  with  occasional  quartz  veinlets. 

In  section,  there  are  large  ragged  rectangular  and  tabular  crys- 
tals of  felspar  and  fewer  rounded  and  ragged  crystals  of  quartz  m 
a  coarse  platy  gTound-mass  of  quartz  and  felspar  plates,  through 
which  run  strings  of  muscovite.  Many  of  the  felspar  plates  appear 
in  process  of  breaking  down  into  grains,  and  all  are  more  or  less 
micacised  and  slightly  kaolinised.  The  species  present  are  difficult 
to  determine,  but  untwinned  plates  are  probably  orthoclase,  while 
there  is  a  considerable  amount  of  an  acid  plagioclase.  The  large 
felspar  crystals  are  mostly  platy,  euhedral  forms  being  rare,  so  that 
porphyritic  structure  is  very  indefinite.  The  lack  of  definition  is 
heightened  by  the  coarseness  and  indistinctness  of  the  ground-mass 
and  the  breaking  down  of  the  larger  plates.  Indeed,  from  the 
ragged  character  of  the  minerals,  the  slides  show  a  considerable 
resemblance  to  certain  arkoses. 

A  typical  representative  from  the  Pioneer  Continuation  is  [9^]- 
In  hand-specimens,  this  is  a  yellowish-gray,"  blocky,  highly  felspathie 
granitic  rock  of  medium-grain  and  with  occasional  quartz-veins  and 
flattened  biotite  nests.  In  section  there  is  a  strong  resemblance  both 
in  composition  and  structure  between  it  and  [yjg]-  There  are  large 
tabular  and  columnar  crystals  of  slightly  micacised  and  kaolinised, 
broadly  lamellated  felspar  and  fewer  somewhat  ragged  plates  and 
squarish  crystals  of  quartz  in  an  indistinct  ground-mass  of  small 
felspar  and  quartz  plates,  with  yellowish  flakes  of  muscovite  and 
yellow-brown — in  places  greenish — chloritic  biotite  flakes  occurring 
sporadically.  As  in  [yj-g-l »  ^^^^^  felspar  and  quartz  crystals  ar(3 
in  process  of  breaking  down  to  small  grains.  The  ground-mass  is 
very  small  in  amount,  and  owing  to  the  number  of  quartz  and  felspar 
plates  intermediate  in  size  between  the  small  grains  and  the  larger 
crystals,  very  indistinct.  There  is  again  a  resemblance  in  the 
ground-mass  to  a  quartz-felspar  cement,  and  this  with  the  ragged 
character  of  many  of  the  larged  crystals  gives  a  clastic  appearance 
to  the  structure  of  the  rock.    Porphyritic  character  is  indefinite. 

The  only  surface  outcrop  in  the  group  occurs  in  the  Pioneer 
West,  and  of  this  72i  [g+y]  is  fairly  typical. 
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It  is  a  medium-gTained,  white  or  yellowish-white  rock  with 
phenocrysts  of  quartz  in  a  wliite  felspathic  mass  with  numerous 
limonitic  pin  points.  , 

In  section,  there  are  numerous  large  columnar  and  irregularly 
outlined,  slightly  kaolinised  platy  plienocrysts  of  felspar  and  fewer 
rounded  phenocrysts  of  quartz  in  a  gTound-mass  made  up  of  small 
laths  and  clouded  plates  of  felspar  with  occasional  small  grains  of 
quartz.  In  some  cases  the  felspar  phenocrysts  are  perforated  by 
grains  of  quartz.  The  ground-mass  is  very  fine-grained  in  some 
places,  but  with  small  patches  of  coarser  felspar  plates  in  others, 
and  as  these  are  usually  fr.esh,  they  appear  as  if  due  to  a  re- 
crystallisation.  Ferro-magnesians  are  almost  wholly  absent,  being 
represented  only  by  some  few  small  yellowish  to  greenish  chloritic 
scales  and  scaly  aggregates. 

The  species  of  felspar  present  appears  to  be  predominantly 
albite,  and  the  rock  is  therefore  a  albite-quartz-porphyry. 

It  becomes  evident  then,  that  while  one  set — [j^']  and 
[J^j-]  — are  closely  akin  both  in  structure  and  in  mineral  com- 
position, they  are  markedly  different,  especially  in  structure  from 
the  other —  [g ]  •  The  latter  is  clearly  an  albite-quartz-porphyry, 
while  the  former  have  a  structure  intermediate  between  a  granite- 
porphyry  and  a  felspathic  grit  or  arkose.  In  the  absence,  however, 
of  means  of  comparing  the  felspars  in  the  tAvo  sets,  as  well  as  of 
any  opportunity  of  determining  their  field  relations,  owing  to  the 
limitations  of  the  circumstances  of  their  occurrence,  an  accurate 
statement  of  their  genetic  relationship  is  not  possible,  though,  ac- 
cording to  Mr.  Clarke,  from  field  evidence  there  is  some  reason  to 
believe  tliey  are  part  of  tlie  same  dyke  mass. 

(g.)  The  Northern  Outcrops. 

These  are  not  associated  with  any  mine  workings  and  their 
connection,  if  any  exists,  with  other  porphyries  in  the  area  cannot 
be  traced  in  the  field.    Tlie  outcrops  are  four  in  number: 

(1.)  ("h)se  to  llie  Meekatharra  to  Peak  Hill  road,  near  the  68 
M.P.,  occurs  a  wliite,  fairly  fine-grained,    highly    felspathic  rock 
with  a  1  ale  reddish  tint  on  the  weathered  surfaces,  and 
very  small  yellowish  nests. 

In  section,  the  rock  proves  to  be  composed  almost  wholly  of 
nlhitc  fels]  ar,  anil  is  a  white  albite-porphyry  or  albitite.  There  are 
large  riiggeii  columiuir  and  tabular  i>henocrysts  of  twinned  albite 
in  a  fine-grained  ground-mass  of  small  plates  and  occasi(mally  of 
short  laths  of  the  same  mineral,  hi  places  in  the  slides,  are  i)ale, 
ycllow-grccn,  extremely  lihrons  chloritic  aggregates  and  strings, 
and    associated    witii    them    soim;    opa<|ue    granules    of  doubtful 
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identity.  Quartz  appears  to  be  entirely  absent.  An  analysis  of  the 
rock  in  the  Survey  Laboratory  gave  these  results: — ■ 

I.  II. 

  68-85  68-7 

  17-95  19-5 

  -79 

  Nil 

  -14 

  -19 

  10-40  11-8 

  02 

....        ..  12 

Trace 

  1-38 

  -09 

  -04 

Total  ..        ..       99-97  100  0 

I.  [yig].       Analyst,  H.  Bowley. 

II.  Analysis  of  pure  albite  :  Dana,  Tex.t-book  of  Mineralogy  (1900), 
p.  377. 

The  remarkable  similarity  of  this  analysis  to  that  of  pure 
albite  is  shown  by  Analysis  II.,  cited  for  comparison. 

(2.)  In  the  vicinity  of  the  previous  outcrop,  near  the  68  M.P., 
occurs  a  rock  which  when  weathered,  is  somewhat  similar  to  [yyg] 
but  where  fresh,  is  finer  in  grain  and  of  a  gTeenish-gTay  colour 
from  the  presence  of  numerous  nests  of  greenish  fibres.  Typical 
specimens,  e.g.  [11202],  consist  in  section  of  numerous  plienocrysts 
of  felspar  in  a  holocrystalline  ground-mass  of  small  plates  of  felspar 
of  varying  size.  The  phenocrysts  are  slightly  turbid  but  measure- 
ments indicate  that  the  species  is  albite.  No  quartz  phenocrysts 
were  seen,  nor,  despite  careful  search,  was  any  quartz  distinguish- 
able in  the  ground-mass.  The  crystals  of  the  ground-mass  vary 
much  in  size  from  small  phenocrysts  to  minute  grains.  In  the 
ground,  are  peculiar  acicular,  and  cur^'ing  or  confused  bundles  of 
yellowish  and  greenish-yellow  tint,  and  patches  of  thin  needles  and 
nests  of  the  same  mineral.  These  needles  in  places  penetrate  the 
phenocrysts.  Owing  to  superposition  of  plates,  and  to  low  bire- 
fringence, they  are  indefinite  in  optical  properties,  but  in  the  rock 
powder,  they  appear  to  be  chloritic  in  character,  possibly  derived 
from  a  ferro-magnesian  such  as  actinolite. 

It  is  highly  probable  that  both  [11202]  and  [^-i  3]  though  differ- 
ing so  far  as  the  chloritic  needles  are  concerned,  are  albite  porphy- 
ries from  the  same  rock  mass,  and  represent  dykes  of  the  same  age 
and  origin. 

(3)  About  12  chains  north-north-east  of  the  08  M.P.  on  the 
"Cut  Track,"  occurs  a  dark-gra}^,  mottled,  flinty  rock  [^^3],  with 
numerous  whitish  phenocrysts  of  felspar  and  frequent  small  pheno- 
crysts of  quartz  in  a  dark-gray  flinty  ground-mass.     There  are 
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numerous  small  phenocrysts  of  square,  tabular,  columnar  and  ir- 
regular forms  of  a  highly  turbid  felspar,  few  square,  triangu][ap, 
and  elongated  phenocrysts  of  quartz  and  occasional  flakes  of  green- 
ish chlorite  and  rather  rarely  of  greenish  pleochroic  hornblende,  all 
in  a  microcrystalline  platy  ground-mass  of  felspar  and  quartz  dotted 
thickly  with  minute  grains  of  epidote  and  zoisite  and  scales  of 
gTeenish  chlorite.  Grains  of  yellow  or  colourless  epidote  are  often 
associated  with  the  chlorite.  The  turbidity  of  the  felspar  is  in  part 
due  to  kaolin,  in  part  to  fine  scales  of  mica,  and  in  part  to  a  de- 
velopment of  granular  epidote  and  zoisite. 

This  rock  is  a  quartz-hornblende-porphyry  or  porphyrite.  The 
species  of  felspar  was  undeterminable. 

In  this  connection  it  is  worthy  of  mention  that  about  three 
miles  north  of  Nannine,  near  the  Racecourse,  there  occurs  a  rock 
very  similar  in  external  appearance  to  [,^3]  but  darker  in 
colour  and  with  no  quartz  phenocrysts.  In  section  also,  the  resem- 
blance is  close.  There  are  in  [2^2^]  numerous  partially  kaolinised 
phenocrysts  of  felspar  and  ratlier  frequent  small  ragged  plates  and 
prisms  of  greenish-yellow  hornblende  in  a  microcrystalline  ground- 
mass  of  felspar  plates  dotted  over  with  chlorite  scales,  epidote 
grains,  and  hornblende  needles.  The  felspars,  however,  are  fre- 
quently finely  zoned,  hornblende  is  more  plentiful,  the  ground-mass 
is  coarser  and  there  are  no  quartz  phenocrysts. 

[11202]  occurs  rather  close  to  this  in  the  field,  but  the  differ- 
ences between  them  are  so  marked  that  on  the  evidence  at  present 
available  they  can  scarcely  be  connected. 

(4.)  Finally,  near  the  57  M.P.  on  the  ''Cut  Track"  from 
Meekatharra  to  Peak  Hill,  there  are  outcrops  of  a  rock  which  pre- 
sents some  unusual  features.  Specimens  [^-^  2]  8"^  show  that  there 
are  at  least  two  varieties,  well  differentiated  from  one  another. 

(a.)  A  fine-grained,  very  dark,  blackish-gray  rock  showing 
veinlets  of  clear  quartz,  occasional  phenocrysts  of  felspar  and 
quartz,  and  minute  bundles  or  nests  of  black  fibres.  The  latter  are 
best  seen  on  the  weathered  surfaces,  where  they  ai^pear  as  very 
fine  needles  or  sheaves.  , 

(b.)  A  variety  exhibiting  a  jmssage  from  (a)  into  a  rock  of 
dark  green  colour,  and  ap[)arently  consisting  of  a  ground-mass  of 
quartz  and  felspar  in  which  are  innumerable  radial  and  divergent 
groups  of  finely  fibrous  needles  tliat  cause  the  rock  to  resemble  a 
minutely  acicular  amphibolite. 

Microscopically,  (a)  consists  of  i)licnocrysts  of  both  quartz 
and  felspar  in  a  fine-grained  liolocrystalline  ground-mass  of  (piartz 
and  felspar  ])lates.  The  i)hen()crysts  of  (puirtz  are  rounded  with 
margins  that  have  been  more  or  less  granulitised.  There  is  a  fine 
dust  of  undetermined  nature  all  over  the  slide.  Most  noteworthy 
are  long,  thin  groups  of  line  fibres,  often  curved,  sheaf-like  or  diver- 
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gent,  which  from  their  blue-green  colour  and  marked  pleochroism 
at  first  sight  appear  to  be  tourmaline.  Examination  of  the  fibres, 
however,  from  crushed  fragments  of  the  rock,  showed  that  they 
have  the  optical  characters  of  amphibole,  the  bluish  colour  sug- 
gesting a  species  with  combined  soda.  The  needles  penetrate  both 
the  quartz  and  felspar  phenocrysts.  In  the  ground-mass,  several 
veinlets  of  quartz  occur,  and  it  is  in  these  that  much  of  the  coloured 
mineral  is  found,  the  long  axes  of  the  needles  being  parallel  to  the 
vein. 

In  (b)  there  is  a  gTound-mass  consisting  of  small  irregular 
plates  as  in  (a),  but  without  quartz,  and  containing  large  pheno- 
crysts of  felspar,  but  none  of  quartz.  The  remarkable  feature  of 
the  slides,  however,  is  that  everyAvhere  and  in  great  amount  are 
needles  of  varying  thickness,  separate  and  in  divergent  groups,  of 
a  greenish-yellow  tint  and  with  numerous  pleochroic  halos,  probably 
round  sphere  granules.  Nearly  all  the  phenocrysts  are  penetrated 
by  needles  which  are  not,  as  in  (a),  bluish-gTeen,  but  yellowish- 
green  in  colour.  Moreover,  they  increase  gradually  in  number  to 
the  exclusion  of  the  felspathic  mass,  until  the  rock  consists  wholly  of 
a  plexus  of  needles  of  actinolitic  hornblende  and  becomes  an  actino- 
litic  amphibolite. 

In  the  more  felspathic  portions  of  the  rock  mass  are  small 
greenish  grains  with  marked  absorption  that  closely  resemble  some 
varieties  of  tourmaline,  but  no  tourmaline  could  be  definitely  iden- 
tified. 

Now,  as  both  (a)  and  (b)  have  been  collected  as  portions  of  the 
same  rock  mass,  there  are  some  points  worthy  of  notice  in  regard 
to  them.  In  the  first  place,  where  quartz  is  present,  as  in  (a),  and 
the  porphyritic  character  is  predominant,  the  amphibole  is  bluisli 
in  colour.  As  the  amount  of  hornblende  present  increases  the  min- 
eral loses  its  blue  tone,  and  becomes  yellowish-green;  at  the  same 
time  quartz  seems  to  disappear,  at  any  rate  from  among  the  pheno- 
crysts. The  porphyritic  felspars,  however,  are  still  prominent. 
Finally,  with  further  increase  in  the  amount  of  actinolitic  horn- 
blende, and  the  disappearance  of  both  the  porphyritic  felspars 
and  the  felspathic  ground-mass,  the  rock  becomes  a  fine-grained 
actinolitic  amphibolite  or  hornblendite. 

The  origin  of  these  peculiarities  would  seem  to  be  that  the 
specimens  were  taken  from  a  junction  between  a  quartz-porphyry 
(perhaps  albitic)  and  an  amphibolite  or  hornblendite.  The  variety 
(a)  is  certainly  cracked,  and  exhibits  uneven  extinction,  while  the 
cracks  in  the  ground-mass  are  filled  with  yellowish-green  actinolite 
needles.  The  latter  penetrate  into  the  ground-mass  but  gradually 
disappear  as  their  distance  from  the  crack  increases.  It  is,  there- 
fore, probable  that  there  has  been  a  partial  assimilation  of  an  am- 
phibolite by  an  albite-quartz-porphyry. 
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Whether  tliere  is  any  genetic  connection  between  [^^g] 
[11202]  cannot  be  made  out.  Certainly  quartz  is  absent  from 
[11202],  but  as  this  constituent  mineral  is  sometimes  present  and 
sometimes  absent  from  different  portions  of  the  same  dyke,  e.g.,  in 
the  Paddy's  Flat  dyke,  its  presence  or  absence  is  scarcely  a  deter- 
mining' factor.  A  more  important  criterion  is  the  character  of  the 
felsi:ar  in  both,  but  this  in  the  case  of  [j^]  it  has  not  yet  been 
possible  to  establish. 

(h)  The  doubtful  much  weathered  dykes. 

In  several  mines,  viz.,  in  the  Hornsby,  the  Beverley,  the  Have- 
luck,  Ralph's  Patch,  and  the  Jasper  Star,  white  or  yellow  and  red- 
stained  kaolinic  clays  have  been  found,  which  are  all  that  is  left  of 
the  original  rock  at  the  depths  to  which  mining  in  them  has  been, 
carried  on.  While  investigation  of  these  clays  with  regard  to  their 
origin  is  always  somewhat  unsatisfactory,  in  these  particular  cases 
the  common  occurrence  of  intermixed  quartz  grains  and  the  highly 
aluminous  character  of  the  clays  are  sufficient  evidence  to  warrant 
the  opinion  that  tliey  represent  former  acid  porphyry  dykes,  though 
of  what  variety  they  may  be,  there  is  no  means  of  determining. 

II. — Basic  Igneous  Rocks. 
Included  here  are  all  those  rocks  to  which,  whether  altered  or 
not,  a  basic  igneous  origin  is  ascribed.    According  to  their  occur- 
rence in  the  field,  and,  to  some  extent,  so  far  as  their  structural  char- 
acters are  concerned,  they  are  of  either — 

(A)  Plutonic   or   Intrusive   origin   and   not  demonstrably 

volcanic;  or 

(B)  Volcanic  or  eruptive  origin. 

(A)  Bocks  of  Plutonic  or  Intrusive  origin. 

At  the  present  juncture,  for  convenience  in  description  and 
l)ecause  it  has  been  considered  to  be  of  more  service  to  tlie  mining 
community  that  the  rocks  should  be  described  under  names  that, 
so  far  as  possible,  indicate  their  appearance  in  the  field  and  enable 
them  to  be  readily  recognised,  than  that  they  should  be  referred  to 
in  strictly  technical  terms,  these  rocks  have  been  arranged  in  the 
following  two  groii)  s,  depending  on  the  deiiree  and  character  of  the 
alterations  they  have  undergone: — 

1.  I'lic  coiiipai  at  i\ ely  fVesh  greenstones.  In  these  the  aller- 
•  alions  have  been  due  largely  to  t hermo-dynaniic  action. 
The  rocks,  while  differing  considerably  both  in  mode  of 
occiincncc  and  in  appearance— some  being  almost  black, 
otlici's  dark-gi-een  or  .^ray-green,  some  (K-curing  as  inlrn- 
sive  dykes,  others  as  small  isolated  peaks,  or  in  masses  of 
considerable  size,  some  Ix'ing  massive  and  line-gi-ained, 
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other  sheared  and  coarse-grained— all,  nevertheless,  agree 
in  retaining  definite  and  easily  recognised  traces  of  the 
original  minerals  and  structure,  and  in  exhibiting  a  very 
small  development  or  complete  absence  of  the  alteration 
processes  of  carbonation,  chloritisation  and  talcicisation. 

2.  Much  altered,  heavily  carbonated,  chloritised  or  talcicised 
rocks,  in  which  traces  of  original  structure  and  miner:d 
composition  are  obscured  and  of  which  the  origin  and 
affinities  are  controversial. 

1.    The  comparatively  fresh  greenstones. 

The  respective  members  of  this  group  of  which  outcrops  have 
been  obtained  in  the  field  are  as  follows : — 

(a)  Tlie  fresh  black  dolerite,  typically  re])resented  in  tlie 

Ingliston  Extended  Mine; 

(b)  The  norite  of  Barloweerie  Peaks; 

(c)  The  uralitised  and,  zoisitised  dolerites  or  gabbros,  alsi 

called  epidiorites;. 

(d)  The  epidotised  quartz-dolerites ; 

(e)  The  actinolitic-zoisitic  amphibolites  of  the  Kyarra  Mine; 

(f)  The  fibrbus-zoisitic  amphibolites; 

(g)  The  fine-grained  dolerite  of  the  Meekatharra  Hills; 

(h)  The  fine-grained  zoisitic-amphibolites ;. 

(i)  The  sheared  amphibolites  or  hornblende  schists,  and  foli- 

ated black  ampibolites; 
(j)  Sheared  amphibolites  or  epidiorites  of  Yaloginda; 
(k)  Kyarra  schists; 
(1)  Serpentines. 

(a)  The  Ingliston  Extended  Dolerite. 

The  distribution  of  this  dyke  is  given  in  detail  in  the  descrip- 
tion of  the  Ingliston  Extended  Group  in  Chapter  VI.  {q.v.).  The 
salient  features,  however,  of  its  occurrence  may  be  noted  here.  It 
is  typically  developed  in  the  Ingliston  Extended  Mine,  where  it  is 
found  as  an  almost  vertical  dyke  with  a  N.E.  and  S.W.  strike  in 
close  contact  with  the  black  sheared  rocks  subsequently  to  be  de- 
scribed under  the  title  of  "Black  Schists."  It  is  not,  however, 
limited  to  this  mine.  Not  only  can  it  be  traced  on  the  same  general 
course  for  nearly  half  a  mile  further  north,  but  since  it  has  been 
found  possible  by  special  treatment  with  balsam  to  obtain  sections 
of  various  reddish  clayey  specimens  in  wliich  undoubted  relics  of 
normal  doleritic  structure  can  be  identified,  it  has  been  proved 
with  a  considerable  degree  of  certainty  to  extend  south  of  the 
Ingliston  Extended.  But  instead  of  continuing  on  its  normal  course 
it  turns  sharply  to  the  west,  and  cutting  across  tlie  Paddy's  Flat 
porphyry  dyke,  resumes  its  south-westerly  course  for  about  half  a 
mile,   though    the   indications   of   its   presence    are    confined  to 
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weathered  specimens  in  some  of  the  workings.  A  clear  contact 
between  the  rock  and  any  of  the  surrounding-  rocks  has  been  dis- 
covered only  in  the  Ingliston  Extended  Mine. 

The  dyke  wlien  fresh,  i.e.,  in  the  mine  workings,  is  usually  a 
rather  fine-grained  black  rock.  It  varies,  however,  in  texture,  being 
in  places  coarse-grained,  while  at  its  contact  with  the  "Black 
Schists,"  it  is  a  dense-black,  minutely  grained  porphyritic  rock  that 
must  be  regarded  as  a  chilled  margin.  Above  water-level,  it  is  in 
places  a  reddish  clay,  in  places  a  yellowish-green  easily  disinte- 
grated rock  which,  on  the  dumps,  exhibits  spheroidal  weathering. 

A  section  of  the  fresh  rock  has  already  been  described,*  but 
additional  sections  show  occasional  rather  large  subhedral  or 
rounded  and  irregularly  platy  crystals  of  greyish  augite,  and  occa- 
sional columnar  crystals  of  felspar  in  a  finer-grained  plexus  of  thin 
columns  or  laths  of  felspar  with  the  interstices  occupied  by  grains 
of  the  pyroxene  and  of  black  iron  ore.  The  occurrence  of  the 
subhedral  and  platy  crystals  of  augite  and  the  larger  columns  of 
felspar  give  a  suggestion  of  porphyritic  structure  to  the  rock. 
There  are  in  places  aggregates  of  small  plates  of  augite,  and  in 
others,  some  aggregates  of  columns  of  felspar.  "The  structure  is 
distinctly  ophitic.  Quartz  appears  to  be  totally  absent,  and  typi- 
cally no  trace  of  hornblende  or  mica  could  be  found. 

At  the  contact  with  the  "Black  Schists,"  the  sections  take  on  a 
tachylitic  appearance,  though  no  true  tachylitic  selvage  has  been 
found.  They  show  a  change  from  the  ophitic  structure  of  the  mass 
to  a  structure  in  which  thin  columnar  and  lath-shaped  phenocrysts 
of  felspar  and  occasional  phenocrysts  of  augite  appear  in  a  crypt o- 
crystalline,  glassy  ground-mass  densely  charged  with  minute  black 
granules,  and  with  occasional  microlites  of  felspar.  Close  to  the 
contact  these  felspar  phenocrysts  lose  their  optical  characters  and 
become  a  minutely-grained  mosaic,  which,  in  jwlarised  light,  is  in 
l)laces  scarcely  distinguishable  from  the  ground-mass,  though  in 
ordinary  light,  the  laths  and  columns  still  stand  out  clearly  in  the 
ground.  Moreover,  the  augite  begins  to  lose  its  optical  properties, 
and  an  aggregation  of  the  black  granules  into  irregular  grains  of 
appreciable  size  ai)pears  to  take  place. 

Affinities  of  the  Dolerite. 

Dykes  of  very  siinihir  occurrence,  ai)i)earance,  structure,  and 
composition  liave  Ix'cii  noted  previously  from  several  localities.  In 
tlie  IiulU'tin  dealing  willi  tiie  Sandstone  area,  a  description  is  given 
of  a  fresh  dolerite  dyke  which  in  jjlaces  develops  a  tacliylitic  facies, 
though  it  e.\]ii))its  no  glassy  selvage.  In  the  Hidden  Treasure  Mine 
at  Cue,  a  hhick  (iiic-grained   dolerite  dyke  is  encountered  in  the 
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gTanite.  In  the  Creme  d'Or  Mine,  at  Cue,  a  dense-black  porphy- 
ritie  andesitic  dolerite  dyke  also  occurs,  the  andesitic  character  being 
undoubtedly  the  result  of  chilling  of  the  margin  of  the  rock.  Again, 
in  the  Great  Fingal  Mine  at  Day  Dawn,  at  the  1,300ft.  level  at  the 
N.AY.  end  of  the  ore-shoot,  a  dense-black  dolerite  dyke  was  seen  by 
the  writer,  and  at  its  contact  with  a  quartz  vein,  a  pronounced 
glassy  selvage  about  a  quarter  of  an  inch  in  thickness  has  been 
developed.  In  none  of  these  mines  does  the  dolerite  outcrop  at  the 
surface. 

There  can  be  no  doubt  that  the  dykes  which  occur  at  the  Sand- 
stone, Hidden  Treasure,  Creme  d'Or,  Great  Fingall,  and  Ingliston 
Extended  Mines  are  either  jDortions  of  the  same  large  and  persistent 
dyke  or  are  identical  in  age  and  origin.  In  tlie  Sandstone  Mines, 
there  is  indisputable  evidence  that  the  dolerite  dyke  crosses  the 
quartz  reefs.  According  to  Mr.  W.  J.  Turner,  formerly  manager 
of  the  Ingliston  Extended  Mine,  there  was  an  analogous  occurrence 
in  his  mine,  where  during  the  course  of  mining  operations  a  tongue 
of  the  dolerite  was  encountered  crossing  the  lode. 

(b)  The  Norite  of  Barloweerie  Peaks. 

At  Barloweerie  Peaks  occurs  a  very  fresh  coarse-grained 
greyish-black  rock  with  a  vitreous  and  somewhat  greasy  lustre  and 
with  a  prevailing  reddisli  crust.  In  section,  it  proves  to  be  a  fresh 
hypersthene-gabbro.  There  are  numerous  short  columnar  and 
platy  crystals  of  highly  twinned  basic  labradorite  forming  here  and 
there  a  coarse  plexus,  and  in  indistinct  ophitic  relation  with  them 
are  crystals  of  pyroxene  apparently  of  two  species,  diallage  in 
rather  ragged  plates  occasionally  with  sehillerisation,  and  pale 
pinkish  pleochroic  hypersthene  in  large  grains  as  well  as  plates, 
the  latter  sometimes  with  a  fibrous  greenish  fringe  of  chloritic 
material  irridescent  in  polarised  light.  The  hyperstliene  also  ex- 
hibits sehillerisation  as  a  peculiar  minute  striation  resembling  that 
in  some  lamellated  felspar.  The  pyroxene  forms  that  partially 
mould  the  felspars  belong  to  the  colourless  species.  No  quartz  was 
observed. 

The  rock  resemhles,  both  in  the  mass  and  in  section,  dykes  oc- 
curring particularly  abundantly  at  Norseman,  and  in  isolated  in- 
stances at  Cue  and  elsewhere.  In  all  eases,  they  have  been  regarded 
as  probably  the  most  recent  of  the  basic  igneous  intrusions,  though 
their  chronological  relation  to  the  Ingliston  Dolerite  is  uncertain. 

(c.)  Uralitised  and  Zoisitised  Diorites — 

(EpidioritePi  of  some  authors.) 
Outcrops  of  these  rocks  have  been  found  at  various  spots  in 
the  Meekatharra  area.    Perhaps  the  most  typical  development 
occurs  near  the  Old  Battery  Group  on  the  Garden  Gully  Road. 
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The  rocks  here  are  all  of  medium  to  rather  fine  grain,  and  vary  from 
a  light  gre3-ish-green  rather  fine-grained  facies,  such  as  52d  [gv^g]' 
through  a  coarser  grey-green  to  a  medium-grained  dark  grey  rock. 
In  all  cases,  they  consist  of  either  light  green  or  pale  greyish 
uralitic  hornblende  prisms  associated  with  pale  yellowish-green 
or  rather  dark-grey  saussuritised  felspar. 

In  section,  the  specimens  all  consist  of  pale  yellow-green 
almost  colourless  uralitic  hornblende  in  ragged  plates  and  prisms, 
all  more  or  less  intensely  fibrous,  particularly  at  the  margins, 
associated  with  a  varying  amount  of  opaque  grey  granular  zoisitised 
felsj^ar.  Some  varieties,  such  as  52d  [gf  g],  consist  almost  entirely  of 
the  fibrous  uralitic  hornblende  plates  which,  in  places,  have  been 
mashed  or  broken  down  into  aggregates  of  much  smaller  plates 
and,  in  others,  into  grey  fibrous  masses.  In  other  varieties,  a  few- 
cases  of  original  colourless  augite  are  observable.  In  others  again, 
such  as  53d  [g-v g]*  there  is  a  greater  development  of  felspar  in  opaque 
grey  granular  aggregates,  plates  and  columns,  and  a  little  interstitial 
quartz  is  present.  Finally,  in  specimens  like  54d  [g^]'  there  are 
large  partially  zoisitised  platy  and  broa,d  columnar  crystals  of  basic 
labradorite.  An  approach  to  the  opliitic  structure  of  normal 
dolerites  was  observed  in  a  few  sections,  particularly  in  56d  [g^o^],  in 
which,  also,  are  interstitial  quartz  and  grey  intensely  fibrous  and 
wavy  colourless  hornblenda  forms.  In  all  varieties,  ortliopin- 
acoidal  twinning  is  common  in  the  ferro-magnesian  ;  ilmenite 
and  leucoxene  are  rare,  and  quartz  is  but  sparsely  developed. 

The  original  rock  from  which  these  have  been  derived  appears 
to  have  varied  from  almost  a  pyroxenite  (cf.  52d)  [gT^s]'  through  a 
coarse  gabbro  to  a  fine-grained  gabbro  or  dolerite  (cf.  56d)  [g^soJ- 
Beyond  the  fact  that  serpentines  occur  associated  with  the  rocks 
on  their  eastern  and  western  flanks,  nothing  has  boon  established 
in  regard  to  their  field  relation. 

Again,  about  4|  miles  west  of  the  Old  Battery  Group,  and 
about  4  or  5  milos  south-west  of  the  Kyarra  Mine,  are  some  hills 
from  which  two  specimens  have  been  obtained,  one  [30  a]*  ^  coarse- 
grained dark-green  almost  black  rock  witli  coarse  groenish-black 
prisms  of  hornblende  in  a  dark-grey  saussuritic  mass,  and  the 
other  [3Q,,],  a  light  grey-groon  rock  with  ])risms  of  fibrous  green 
liornblondo  in  a  preponderating  wliito  and  greenish-white  saus- 
suritisod  fols]jathic  mass. 

In  the  former  [3 J 3],  tluin*  are  larg(i  irregular  i)laty  (  rysluls  of 
))al(!-gr(!on  nearly  colourloss  urtilitic  horiibUuido,  in  more  or  less 
(listin(;t  ()|)hitic  relation  with  columnar  crystals  of  kaolinised  and 
zoisitised  twinned  folspar,  and  a  little  interstitial  quartz.  The 
felspar  in  the  slides  examined  is  in  oxeoss  of  the  fi^rro-magnesian 
and  the  columns  form  areas  of  fcls|)j!,i-  plexus  with  snu!,ll  photos  of 
(juartz  S(jueezo<l  iti  hc.t  wdcn  tlid  tnfnis.  OriginrJ  pyroxene  cores 
are  not  visible  but  11,  kind  ol  scliillrr  uppcais  in  sduu^  of  tlui  uralitic 
platoH.     ivuroly    tlutro   occuis  a    tcrro-inagncsian    plji,t(i    which  is 
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partly  green,  partly  brown,  a  fact  suggesting  that  portion  of  the 
hornblende  may  have  been  original.  Ilmenite  partially  altered  to 
leucoxene  is  not  uncommon  and  is  distinctly  more  prevalent  than 
in  the  rocks  from  the  Old  Battery  Group. 

[gi^]  is  essentially  similar  to  [3^3]  in  composition  and  structure 
except  that  in  the  former  interstitial  quartz  is  common,  and  a 
noteworthy  feature  of  it  is  that,  though  separate,  the  plates  in 
some  areas  all  extinguish  together,  an  indication  of  the  simul- 
taneous crystallisation  of  many  of  the  interstitial  quartz  forms. 
Moreover,  a  decidedly  ophitic  structure  has  been  retained. 

Further,  near  the  Jasper  Star  Workings  there  occurs  a  variety 
[2^],  which,  in  hand  specimens,  is  almost  identical  with  [3^4]» 
the  only  difference  being  that  hornblende  and  felspar  are  about 
equally  developed.  This  rock,  owing  to  its  interesting  characters, 
specially  merits  description.  In  section,  the  following  minerals 
were  determined  : — 

Uralitic    hornblende,    augite,    felspar,    quartz,  epidote, 

zoisite,  muscovite,  chlorite. 

There  are  long,  sometimes  thin  columnar  crystals  of  pale 
green,  almost  colourless  fibrous  uralitic  hornblende,  and  large 
columnar  and  platy  saussuritised  felspar  with  subsidiary  shapeless 
plates  of  quartz  and,  rarely,  small  areas  of  a  micropegmatitic  inter- 
growth  of  quartz  and  felspar.  The  uralitic  columns  are  generally 
ragged  at  the  ends  and  very  frequently  exliibit  pronounced  ortho- 
pinacoidal  twinning.  In  places,  they  are  quite  curved.  An  es- 
pecially noteworthy  feature  of  the  slides  is  the  presence  in  con- 
siderable amount  of  original  colourless  augite.  Cross- sections 
of  this  mineral  occur  quite  frequently,  and,  generally,  they  also 
exhibit  pronounced  twinning.  Moreover,  it  is  not  uncommon  to 
find  a  core  of  unaltered  augite  in  a  plate  of  fibrous  uralitic  horn- 
blende, and  there  are  instances  in  which  one- half  of  a  twin  has  been 
altered  to  pale  green  uralite,  while  the  other  still  retains  the 
characters  of  augite.  Further,  in  some  of  the  hornblendic  plates 
there  are  remains  of  a  salite  structure  belonging  to  the  original 
augite,  a  rim  of  fibrous  uralite  bounding  an  orthopinacoidal  twin 
with  the  salite  structure  inside  the  rim.  In  some  of  the  fibrous 
plates,  there  is  a  beautifully  fibrous  fringe,  of  which  the  fibres  appar- 
ently penetrate  into  the  felspar.  Some  long  thin  columns  of 
colourless  augite  are  also  visible,  as  well  as  patches  of  pale  green 
nearly  colourless  chlorite. 

The  felspar,  in  large  plates  and  columns,  is  generally  much 
altered,  in  part,  to  zoisite  with  a  smaller  amount  of  epidote,  in 
part,  to  micaceous  scales.  In  most  cases  it  has  the  ojoaque  grey 
granular  appearance  of  saussurite  with  zoisite  as  the  principal 
constituent.  0])hitic  structures,  though  noticeable  in  the  partial 
moulding  of  the  felspar  columns  by  the  ferro-magnesian,  is  not  pro- 
nounced. Iron  ores  are  conspicuously  absent  from  the  sections 
examined,  but  some  small  opaque  forms  may  be  leucoxene. 
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This  rock  is  a  fine  specimen  of  a  coarse-grained  partially  urali- 
tised  and  saussiiritised  micropegmatitic  quartz-dolerite  or  gabbro, 
in  which  undoubted  original  augite  occurs  in  process  of  alteration 
to  fibrous  uralitic  hornblende. 

Yet  again,  at  Mount  Obal  (K6)  two  varieties  have  been  found 
outcropping,  a  grey-green  rock,  represented  by  [3J9]  and  [11317], 
that  is  undoubtedly  similar  to  [2^0!  except  for  the  absence  of 
original  augite,  and  a  very  fine-grained  dark  grey-green  facies 
represented  by  [11318]. 

The  specimens  of  the  former  rock  calls  for  no  individual  descrip- 
tion.   They  are  both  uralitised  and  saussuritised  quartz  dolerites. 

[11318],  however,  is  an  important  facies,  but,  since  its  characters 
agree  rather  with  those  of  zoisite  amphibolites  than  with  the 
uralitised  dolerites,  it  will  be  considered  in  the  latter  group. 

Finally,  another  outcrop,  the  most  northerly  from  which 
specimens  have  been  obtained  in  the  District,  occurs  just  south 
of  the  Belele  Station.  This  is  again,  446c  [sir]'  ^  grey-green  rock 
composed  almost  wholly  of  greenish  hornblende  prisms  separated 
by  pale  greenish-white  saussuritised  felspar  in  small  amount.  The 
mass  shows  some  slight  differentiation  into  portions  of  highly 
felspathic  character  and  portions  composed  mostly  of  hornblende. 
In  the  latter  there  is  noticeable  a  suggestion  of  schistosity.  Beyond 
the  fact  that  the  rock  is  found  in  close  association  with  a  browTiish- 
black  serpentine  nothing  is  known  of  its  field  relations.  It  is 
essentially  the  same  as  [3J9]  both  in  composition  and  structure. 

{d.)  The  Epidotised  Quartz-Doleritcs — 

Somewhat  similar  to  the  members  of  the  previous  group,  but 
epidotised  instead  of  saussuritised,  chloritised  rather  than  uralitised, 
and  with  yellow  epidote  easily  visible  in  the  hand  specimens,  are 
an  outcrop  represented  by  [2^3]  and  [11206]  from  about  three- 
quarter  mile  east  of  the  Globe,  and  an  outcrop  re]:)resented  by 
17d  [8i2]'  which  occurs  associated  with  the  crystal  tuff  about  1^ 
miles  South-East  of  the  S.E.  corner  of  Gwalia  Extended  (G.M.L 
872n).  The  rocks  are  all  dark  green  medium-grained,  considerably 
epidotised  quartz-dolerites. 

[gjg]  in  section  shows  the  following  minerals: — Augite , 
chlorite,  epidote,  felspar,  quartz,  apatite,  leucoxene,  muscovite, 
zoisite,  and  calcite. 

Those  are  large,  very  irregular  plates  of  a  greyish  violet  augite, 
frequently  wholly  or  ])artially  decom])()sed  to  green  chlorite  and 
epidote,  in  ophitic  relation  with  numerous  columnar  crystals  of 
felspar  that  are  in  places  micacised,  in  ])laces  altered  to  an  oi)a(iue 
grey  granular  aggregate  of  epidote  grains. 

The  augite  frequently  exhibits  fine  striation,  a  (le\elo])nuMit 
of  chlorite  along  the  margins  and  along  cleavage  cra(!ks,  and  in- 
variably has  a  dusty  a])])earance.  The  felspar  has  tlie  lamollation 
as  a  rnle  obscured  by  alteration  in  |)art  to  mica  scales,  \\i  ])art  to 
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yellowish  epidote,  in  part  to  greenish  chlorite.  The  columnar 
euhedral  crystals  a,re  frequently  completely  moulded  by  the 
pyroxene,  or  form  a  plexus  of  which  the  interspaces  are  occupied 
by  shapeless  plates  of  quartz  or  epidote.  Yellowish- green  epidote 
is  particularly  abundant,  and  is  the  product  of  the  alteration  at 
times  of  felspar,  at  times  of  the  pyroxene.  Apatite  needles  are 
not  rare.  Leucoxene  is  present  in  large  irregular  masses  which 
sometimes  completely  enclose  columnar  felspars. 

[11206]  is  essentipJly  identical  with  [2^^],  though  more  strongly 
epidotised  and  with  a  smaller  development  of  augite. 

[3^2 ]' tt^o^gh  ^^om  a  different  outcrop  differs  only  in  being  still 
more  strongly  epidotised  and  chloritised  than  the  other  members 
of  the  group,  and  in  the  presence  in  the  rock  mass  of  finely  foliated 
yellowish  bands  that  are  composed  of  folia  of  granular  epidote 
alternating  with  bands  of  quartz.  It  is  noteworthy,  also,  that 
the  ejoidotic  folia  consists  in  places  of  fine  micropegmatite  in  which 
columnar  epidotised  felspars  appear,  and  some  areas  of  leucoxene. 
These  bands  have  the  appearance  in  section  of  a  highly  epidotised 
felspar- quartz  micropegmatitic  facies  of  a  quartz  dolerite. 

Owing   to   the    smallness   of   the   outcrop  l882^]  ^^^^ 
tinguished  on  the  map  from  the  volcanic  rocks. 

(e.)  The  Actinolitic-Zoisitic  Rocks — 

The  rocks  here  included  have  been  found  in  two  localities, 
viz.,  in  the  Kyarra  Mine,  and  flanking  the  uralitised  dolerites  near 
the  Old  Battery  group  close  to  Garden  Gully.  Specimens  ha.ve 
been  obtained,  for  example,  30  chains  south  of  the  main  shaft, 
Kyarra  Mine,  at  the  100ft.  level,  north  crosscut  [gJs^]^  about  11 1 
chains  west-south- west  of  the  main  shaft,  Old  Battery  Group  [a^^^]  ; 
about  three  chains  west-south- west  [^oq]  and  about  10  chains 
west  of  the  same  main  shaft  [g^^^]. 

Owing  to  the  obscurity  of  the  outcrops  both  on  the  surface 
and  in  the  mines,  their  field  relations  are  indefinite. 

In  hand  specimens,  the  rocks  are  fine-grained,  dark-greyish- 
green  in  colour,  with  a  fairly  distinct  felted  appearance  on  the 
fresh  fracture,  due  to  interlacing  of  numerous  small  needles  of 
greenish  hornblende.  The  needles  vary  in  size  from  |in.  to  fin. 
in  length. 

In  section,  the  specimens  consist  generally  of  minutely  and 
intensely  feathery  fibrous  areas  of  hornblende  needles  in  wavy, 
curved  aggregates,  with  here  and  there  long  thin  columnar  fibrous 
crystals  crossing  the  orientation  of  the  fibrous  aggregates  at  fairly 
steep  angles.  Rarely,  remains  of  felspar  plates  and  small  columns 
appear,  and  there  is  little  doubt  that  plates  of  felspar  are 
obscured,  owing  to  being  shot  through  with  homblendic  needles. 
In  the  aggregates  of  the  latter  are  numerous  small  opaque  grey 
granular  aggregates  mostly  of  zoisitic  material,  an  alteration 
product  of  pre-existing  felspar.    In  the  aggregates,  also,  are  rare 
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kernels  of  colourless  hornblende  that  are  not  fibrous.  Occasional 
ortho-pinacoidal  twinning  is  noticeable  in  the  hornblende  prisms. 
Numerous  minute  zoisite  grains  are  scattered  through  the  fibrous 
aggregate  (Fig.  77). 


Fig.  77. 


Photo  :  R.  A.  F.  Nog.  1236. 

Microphotograph  [.,},.], — Showing  individual  fibrous  prismatic 
forms  of  actinolitic  hornblende.  The  interspaces  are 
occupied  by  needles  of  hornblende  and  zoisite  grains. 

Some  specimens  consist  of  patclies  of  peculiar  opaque  greyish 
granular  and  rod- like  forms  resembling  long  thin  opaque  needles, 
and  frequently  divergent,  and  some  areas  are  composed  wholly 
of  different  groups  of  these  rods  forming  a  felt  or  plexus.  They 
prove  to  consist  largely  of  needles  and  fibres  of  colourless  horn- 
blende separated  by  strings  of  zoisitic  material.  Confused  feathery 
minutely  fibrous  areas  are  also  frequently  visible. 

Again  there  are  varieties  in  which  the  actinolitic  prisms  have 
a  green  colour,  are  very  numerous,  and  form  a  kind  of  loose  plexus 
in  the  finely  fibrous  zoisitic  mass,  and  in  these  varieties  there  are 
undoubted  remains  of  thin  columruir  or  lath-sha])ed  felspar  and 
some  doubtful  interstitial  cpiartz. 

An  extremely  scrhistose  or  sheared  \'ariety  with  marked  ])arallel 
orientation  of  the  ])risms,  rods  and  fi))res,  and  witli  rare,  doubtful 
(jores  of  augito  occurs  a])()nt  thnni  cliaiiis  west  of  tlio  Main  Shaft  in 
the  Old  Battery  Ciroup. 

(/.)  Tlic,  Fihroufi  Zoisitic  Arnjihiholitcs  ~ 

'VhciHo,  rocks,  tliough  dij'fcriiig  nucr()SC()))ically  1<»  sonu?  extent 
from  both  (lie  iii'ulit iscd  iuid  act iiiolitic-'/oisitic  rocks,  never- 
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theless  closely  resemble  them  in  external  appearance.  Typical 
representatives  are  [3^7^],  [330]  [aie]- 

[3  J^]  from  a  hillock  80  chains  south  of  the  New  Chum  Group, 
is  in  hand  specimens  a  fine-grained  massive  grey-green  rock  with 
reddish  crust.  In  section,  in  ordinary  light,  it  consists  of  opaque, 
grey,  fibrous,  more  or  less  platy  forms  amongst  which  a,re  numerous 
clea,r  areas  of  various  quadrangular  shapes  with  one  or  more  clear- 
cut  boundaries. 

With  polarised  light,  sections  show  a  confused*  fibrous  mass 
of  large  and  small  curved,  contorted  and  wavy  plates  of  colourless 
hornblende,  amongst  which  are  numerous  small  gray  granular 
aggregates  of  epidote  and  zoisite.  The  clea,r  areas  prove  to  be  in 
part  a  fine-grained  mosaic,  in  part  irregular,  partially  granulitised 
plates  of  felspar.  It  is  probable  that  the  mosaic  forms  consist  of 
granular  albite  representing  original  felspar  much  obscured  by 
needles  of  the  fibrous  hornblende.  The  original  structure  is  very 
obscure,  but  in  ordinary  light  there  is  a  suggestion  of  ophitic  relation 
between  the  mosaic  forms  and  the  gre^^  fibrous  forms.  This  rock 
resembles  a  saussuritised  uralitised,  intensely  fibrous  form  of  the 
altered  dolerite  3^^^. 

[3^6^]  from  about  60  chains  south  of  the  New  Chum  Group, 
is  a  medium- grained  grey-green  sheared  fibrous  rock  composed  of 
indistinct  reticulated  and  radiated  groups  of  hornblende  prisms 
in  a  pale-greenish  saussuritic  mass.  In  section,  the  rock  consists 
of  a  coarse-gra.ined,  very  fibrous,  contorted  and  confused  mass 
of  ragged  plates  of  colourless  hornblende,  and  occasional  rounded 
more  or  less  unsheared  plates  of  the  same  mineral,  with  the  inter- 
stices occupied  by  very  indistinct  microcrysta,lline  mosaic  in  which 
small  felspar  columns  occur,  but  which  is  inuch  obscured  by  the 
hornblendic  fibres.  Numerous  opaque  gray  granular  zoisitic  and 
perhaps  epidotic  grains  are  scattered  over  the  slides.  Definite  traces 
of  original  structure  have  been  obliterated,  but  the  fibrous  plates, 
owing  to  the  shearing,  are  arranged  in  imperfect  bands  with  the 
obscure  mosaic  between  them. 

This  rock  is  a  sheared  almost  schistose  finely  fibrous  platy 
amphibolite  or  epidiorite,  with  resemblance  both  to  [3^1]  and 
[3 Jq]  described  later. 

[sioL  from  just  west  of  [g-Jy]  is  a  sheared  dull,  grey-green 
rock,  resembling  in  the  appearance  of  the  cross-fracture,  the  actino- 
litic-zoisitic  rocks  but  without  the  distinct  needles.  In  section, 
it  consists  of  numerous  large  indistinctly  platy  and  columnar, 
colourless  and  intensely  fibrous  forms  of  hornblende  arranged,  in 
general,  in  similar  alignment,  and  separated  by  opaque  gray  areas 
of  fine  granular  zoisite.  No  felspar  is  discernible,  unless  some 
microcrystalUne  mosaic  represents  it.  The  gray  granular  areas 
are  exactly  the  same  as  those  seen  in  the  spheroidal  fine-grained 
amphibolites  in  the  North  End  of  Kalgoorlie,  which  are  described 
in    the   Bulletin  on  the  North  End,  Part  III.    These  specimens 
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are  all  confused,  finely- fibrous  platy  amphibolites  or  epidiorites. 
The  resemblance  in  particular  between  [^^q]  and  [^^q]  on  the 
one  hand,  and  the  grey-green  uralitised  and  zoisitised  dolerites  or 
epidiorites  on  the  other,  is  striking,  and  in  [3 Jg]  the  radial  or 
felted  character  of  the  surface  is  not  markedlj^  different  from  the 
structure  in  the  actinolitic-zoisitic  rocks. 

(g.)  The   green,    fine    grained    Basoltic   Dolerite    of  the  Meeka 
Hills  ;— 

This  rock  forms  the  Meeka  Hills,  about  seven  miles  south  of 
Paddy's  Flat. 

In  hand  specimens,  it  is  a  minutely-grained,  almost  flinty, 
dark  grey-green  rock  with  prevailing  reddish  crust. 

In  section,  it  consists  of  a  very  fine-grained  mass  of  very  small 
columns  or  laths  of  felspar,  frequently  indistinct  from  alteration, 
disposed  in  a  loose  plexus,  and  numerous  small,  faintly  pink  and 
grayish  plates  and  grains  of  augite  occupying  the  spaces  between 
the  felspars.  The  augite  is  in  part  altered  to  a  green  chlorite  with 
the  production  of  some  granular  calcite,  small  grains  of  which  are 
scattered  sporadically  through  the  slide.  Rarely  there  are  large 
patches  of  calcite  associated  with  chlorite — the  latter  penetrated 
by  felspar  laths — which  doubtless  represent  a  former  large  augite 
crystal,  and  occasionally  a  larger  columnar  crystal  now  composed 
of  chlorite,  scales  of  mica,  and  some  granular  epidote  represents  a 
phenocryst  probably  of  felspar.  Most  of  the  felspar  laths  are 
partipJly  micacised,  others  are  altered  to  a  grey,  granular,  opaque 
mass  of  epidote  and  zoisite.  A  little  granular  quartz  was  observed, 
and  epidote  grains  are  common  throughout  the  slides. 

{h.)  The  fine-grained  Zoisitic- Amphibolites  : — 

About  10  chains  north  of  the  Main  Shaft,  Old  Battery  Group, 
there  outcrops  a  very  fine-grained  dark  gray-green  rock  with  a 
slight  tendency  to  shear  structure  [302]-  section,  this  consists 
of  numerous  small  stumpy,  ragged  fibrous  prisms,  rods  and  needles 
of  colourless  hornblende  separated  by  much  minutely  granular 
zoisite.  A  little  quartz  occurs  interstitially.  The  hornblendic 
fibres,  however,  have  in  general  a  tendency  to  parallel  orientation, 
so  that,  when  weathered,  the  rock  has  a  soineM^hat  schistose  structure. 
The  large  hornl)londe  forms  are  sheaf y  and  fibrous.  Fcls])ars, 
tliough  ])robably  ])rosont  as  thin  laths,  are  quite  obscure  and  un- 
identifiable. This  fino-graincd  zoisitic  am])hib()Hto  is  essentially 
similar  to  that  from  the  Cue  Trig. 

Again,  in  the  J^ottom  Level  of  Shaft  T)  of  the  Sirdar  (iroup, 
occurs  a  weathered,  yellowish-green,  very  fine-grained  slightly 
sheared  rock,  with  a  tendency  to  schistosity.  This  is  almost  exactly 
similar  to  [302]  ^bovo,  but  finer  in  grain  and  with  a  smaller  develop- 
nuint  of  zoisite.  In  section,  it  consists  of  a  felted  mass  of  minute 
n(;e(lles  of  colourless  hornblende  arra'igod  in  countless  small,  more 
or  l(!ss  pai'fillcl,  slightly  imdiilatiiig  sli-iiigs,  hut  with  many  needles 
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at  all  angles  to  the  direction  of  the  shearing.  Grains  of  epidote 
and  zoisite  are  scattered  through  the  felt,  and  there  are  some  minute 
clear  grains  of  albite  and  possibly  of  quartz.  The  structure  is 
distinctly  ixdnutely  schistose. 

Further,  at  Moimt  Obal,  K6,  about  half  a  mile  north  of  the 
Trig,  there  outcrops  a  fine-grained  dark  gray-green  rock  with  a 
suggestion  of  jointing,  and  similar  in  appearance  to  [3^].  It 
consists,  in  section,  of  a  felted  mass  of  almost  colourless  needles 
of  hornblende,  aggregated  into  fine  tufts,  radiated,  sheafy,  and 
divergent  groups  and  strings,  while  between  the  fibres  are  minute 
grains  of  zoisite  and,  occasionally,  traces  of  small  rods  or  laths 
of  altered  (kaolinised)  felspar.  A  very  little  interstitial  quartz, 
a  little  granular  calcite,  and  small  grains  of  iron  ore  are  also  present. 
In  ordinary  light,  the  slides  appear  opaque  from  the  presence  of 
very  small  gray  granular  aggregates  of  zoisite  grains,  derived 
probably  from  pre-existing  lime-soda  felspar.  The  structure  of 
the  rock  is  confused,  not  distinctly  igneous,  and  the  rock  must  be 
regarded  as  a  fine-grained  zoisite-epidiorite.  There  is  a  striking 
similarity  between  it  and  such  fine-grained  zoisite-amphibolites 
from  Kalgoorlie  as  [2950].  The  significance  of  the  rock  will  be 
discussed  in  the  following  section. 

The  Origin  and  Relationship  of  Groups  (c),  (d.),  (e.),  (f.),  (g.), 
(h.):- 

These  groups  comprise  :  the  uralitised  dolerites,  the  epidotised 
dolerites,  the  actinolitic-zoisitic  amphibolites,  the  fibrous  zoisitic 
amphibolites,  the  fine-grained  green  dolerite  of  the  Meeka  Hills, 
and  the  fine-grained  zoisitic  amphibolites. 

The  outcrops  of  the  rock  are  generally  separated  by  consider- 
able intervals,  and  as,  in  many  cases,  the  intervening  rocks  do  not 
outcrop  but  are  covered  by  a  thick  overburden,  and  since,  even 
in  those  cases  where  they  do  outcrop,  no  junctions  can  be  seen, 
it  is  not  practicable  to  obtain  much  information  as  to  the  field 
relations  of  the  rocks,  though  some  ascertained  facts  are  of  import- 
ance. Nevertheless,  particularly  in  the  groups  considered,  there 
are  microscopic  resemblances  between  members  of  the  various 
groups,  and  occurrences  of  intermediate  varieties,  which  afford 
reasonable  ground  for  the  assertion  of  genetic  connection  between 
the  groups. 

The  similarities  in  some  cases  are  very  strong.  The  uralitised 
dolerites  from  near  the  Old  Battery  Group,  and  the  rocks  both  from 
the  Jasper  Star  workings  and  from  Mt.  Obal,  are  so  closely  akin  both 
in  the  mass  and  under  the  microscope,  that  they  must  be  re- 
garded as  contemporaneous  intrusions  of  similar  character  from  the 
same  magma  ;  and  this  statement  is  true  of  all  the  uralitised 
dolerites.  In  the  case  of  the  other  groups,  however,  the  similar- 
ities are  less  striking,  but  still  sufficiently  strong  in  the  absence  of 
other  criteria  to  serve  as  indications  of  genetic  connections. 
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Mention  has  already  been  made  of  the  intensely  fibrous  zoisitic 
patches  in  such  rocks  as  52d  [37^3]'  obviously  derived  from  uralitic 
hornblende  which  occurs  in  the  rocks.  These  patches  are  almost 
identical  with  sections  both  of  some  of  the  actinolitic  zoisitic  rocks 
and  of  fine-grained  zoisitic  amphibolites  such  as  [11318].  More- 
6ver,.  [11318]  is  in  section  closely  allied  both  to  varieties  of  the 
actinolitic-zoisitic  rock,  e.g.,  [2^^^]'  [3^2]'  fine-grained 

fibrous  amphibolite,  and  as  [11318],  when  traced  along  its  strike, 
passes  into  a  uralitised  and  zoisitised  dolerite  [s^^g],  the  connection 
between  these  actinolitic  rocks  and  the  uralitic  quartz  dolerites 
becomes  fairly  strong.  This  connection  is  further  strengthened 
by  the  fact  that  the  actinolitic  rocks  have  been  observed  on  the 
flanks  of  the  uralitised  types  near  the  Old  Battery  and — to  cite  an 
example  from  another  field — they  have  been  found  to  pass  into  a 
gray-green  uralitised  and  zoisitised  dolerite  identical  with  [2^0] 
[3F9]  comer  of  Hinemoa  and  Bulwer  Streets,  in  Kalgoorlie. 

Further,  [3^5],  in  which  the  radial  prismatic  or  actinolitic  struc- 
ture of  [2^7-]?  and  the  appearance  in  hand  specimens  of  the  uralitised 
group  are  easily "  recognised,  shows  marked  resembla,nce  both  in 
appearance  and  structure  to  the  actinolitic-zoisitic  rocks  and  to 
the  uralitised  dolerites.  There  is,  also,  a  close  similarity  between 
[11318]  and  [-g-^g]  in  structure,  and  between  [3^56]  and  [^^g]  in  both 
external  appearance  and  microscopic  structure.  Again,  between 
[3J2] — the  fine-grained  zoisitic  amphibolite — and  [11318]  there  is 
a  very  considera,ble  degree  of  resemblance  both  in  appearance 
and  structure,  while  an  equally  close  similarity  in  structure  though 
more  remote  in  external  characters  obtains  between  [3^^]  on  the 
one  hand  and  [2J7]  and  [11318]  on  the  other. 

There  can  be  little  doubt,  therefore,  that  the  actinolitic- 
zoisitic  and  the  uralitised  and  zoisitised  groups  are  either  separate 
intrusives  from  the  same  rock  mass  and  probably  contemporaneous 
— which  their  occurrence  in  the  Kyarra  Mine,  unconnected,  so  far 
as  can  be  seen,  with  any  uralitised  dolerite,  would  tend  to  show — 
or  the  former  are  chilled  margins  to  the  intrusions  of  the  uralitised 
rocks — which  their  occurrence  on  the  flanks  of  the  latter  at  the 
Old  Battery  Group  strongly  suggests. 

The  connection  b(5twoon  these  rocks,  howovor,  and  tlio  fine- 
grained am])l)ibolites  such  as  [302]  ^^^'^^  cUiarly  determinable. 
Tlie  occurrence  of  the  fine-grained  green  dolerite  [334]  has  already 
b(Hm  not(!d.  ]5oth  [302]  [341!  *^'»ow  a  markc^d  ros' mblance  to 
[334]  in  the  characters  of  the  hand  s])e(!imen,  while,  in  S(U'tion,  if 
allowance  is  made  for  the  alteration  of  augit(^  to  fibrous  hornblende — 
an  alteration  f|uit()  feasible  as  the  result  of  sliearing,  of  whicli  botli 

tind  beai-  evidence — they  are  also  remarkably  similar. 

There  is  little  doubt  that  ])()th  these  rocks  have,  in  fact,  be(ui  deriv^ed 
by  dynamic  and  c}ieini(wil  action  from  a  fine-graim^d  doU^rite  such 
as  [3.^,4].     Now,  the  genetic:  connection  depends  on  the  I'l'lation 
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between  [gj^]  and  [11318],  and  both  in  the  mass  and  in  section 
these  are  closely  similar.  [11318]  occurs  near  Mt.  Obal  (K6), 
while  [3^4]  forms  the  Meeka  Hills,  so  that,  so  far  as  is  known,  there 
is  nothing  in  the  field  relations  of  the  two  rocks  to  militate  against 
a  connection  between  them.  But  whether  [3^4]  occurs  as  a  dyke 
or  as  a  volcanic  plug  cannot  be  established.  Assuming  the  validity 
of  the  connection  between  the  two  rocks,  it  is  obvious  that  for  some 
reason  [3^]  has  escaped  the  metamorphic  action  that  has  altered 
[11318],  [3^^],  and  [g^j]  into  fine  fibrous  ampliibolites.  The 
essential  identity  of  [3^2^'  particular,  to  the  zoisite-amphibolito 
of  the  Cue  Trig  has  already  been  noted. 

An  attempt  has  been  made  in  Fig.  25,  to  show  in  graphic  form 
the  inter-relationships  and  positions  of  the  members  of  the  groups. 
In  the  figure,  the  clearly  established  connections  are  shown  in 
continuous  lines,  the  less  distinct,  or  doubtful  connections  in  inter- 
rupted lines.  Heavy  lines  lead  from  those  least  altered  from  the 
original  to  their  derivatives.  Thin  lines  connect  rocks  almost 
equally  metamor^^hosed. 

The  chloritised  and  epidotised  quartz- dolerites — Group  {d) — 
are  of  uncertain  affinities.  As  has  been  noted  already,  they 
outcrop  two  localities,  one  about  10  chains  east  of  Water  Reserve 
12245,  and  the  other,  north  of  this,  a  little  over  a  mile  south-east 
of  the  S.E.  corner  of  the  Gwalia  Extended.  While,  in  the  former, 
their  relations  with  the  surrounding  rocks  are  observed,  in  the 
latter  outcrop,  they  occur  associated  with  rocks  which  have  an 
undoubted  volcanic  character.  Since  even  in  this  case,  however, 
according  to  Mr.  Clarke,  their  field  relations  cannot  be  ascertained 
owing  to  the  comparatively  flat  surface  and  more  or  less  weathered 
state  of  the  outcrop,  it  is  impossible  to  state  whether  they  belong 
to  the  volcanic  series  of  flows  or  sills,  or  are — as  would  appear  more 
probable  from  their  microscopic  characters — intrusive  dykes. 
Though  differing  from  the  uralitised  dolerites  principally  in  the 
character  of  the  alteration  only,  no  connection  between  the  two 
groups  can  be  traced.  A  somewhat  analogous  case  occurs  in  Kal- 
goorlie,  where  besides  the  uralitised  dolerites,  there  are  large  masses 
of  a  chloritised,  in  places  epidotised  and  carbonated  quartz  dolerite. 

{i.)  The  sheared  amphibolites  or  Hornblende  Schists  and  the  foliated 
dense-black  Amphibolites. 

THE  SHEARED  AMPHIBOLITES  OR   HORNBLENDE  SCHISTS. 

The  best^development  of  ^these  rocks  in  the  Area  occurs  at 
the  Batavia  workings,  though  a  belt  of  them  extends  from  the 
southern  hmit  of  the  Area  to  a  little  north  of  these  workings. 

The  rocks  vary  from  fine  to  coarse  grain,  are  fresh  and  dark- 
green  in  colour,  are  generally  sheared  into  an  imperfect  schistosity, 
^nd  in  some  cases  are  penetrated  by^lenticular  veins  of  quartz, 
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which  run  parallel  to  the  schistosity.  A  considerable  amount  of 
iron  pyrites  is  frequently  noticeable  in  them. 

In  section,  the  rocks  consist  of  imperfect  thin  bands  of  small 
fibrous  ragged  prisms  and  needles  of  green  pleochroic  hornblende 
separated  rather  indefinitely  by  small  rounded  lenticular  or  linear 
areas  of  clear  felspar-quartz  mosaic  which  has  been  produced  by 
granulitisation  of  pre-existing  felspar  and  probably  quartz.  Fine 
needles  of  hornblende  occur,  also,  distributed  through  the  mosaic, 
and  there  are  aggregates  and  small  grains  of  magnetite.  Most  of 
the  fibrous  prisms  and  needles  have  a  more  or  less  parallel  orien- 
tation, produced  by  dynamic  strain.  All  trace  of  former  typical 
igneous  structure  has  been  obliterated.  In  some  sections,  the 
parallel  alignment  of  the  hornblende  plates  is  more  distinct  and 
the  plates  are  perforated ,  and  frequently  a  wavy  structure  has  been 
induced  in  them.  In  all  cases,  the  species  of  felspar  cannot  be 
made  out,  but  occasionally  the  j)lates  are  untwinned.  The  absence 
of  definite  igneous  structure  and  the  composition  ally  these  rocks 
more  with  the  schistose  or  sheared  epidiorites  than  with  horn- 
blende schists. 

In  connection  with  this  group  mention  must  be  made  of  a 
rock  [3^6]  which  occurs  about  four  miles  south-east  of  the  Kyarra 
Mine,  and  about  If  miles  east  of  the  30- Mile  Post,  Garden  Gully 
Road.  This  is  a  dark-green  coarse-grained,  highly  sheared  am- 
phibolitic  rock,  with  occasional  white  patches  of  felspathic  material. 
In  section  the  rock  consists  mostly  of  large,  irregular,  platy  and 
fewer  prismatic  crystals  of  hornblende,  pleochroic  in  green  to 
j^ellowish  tones.  The  interstices  between  the  plates  are  occupied 
by  a  mixture  of  comparatively  small  irregular  plates  of  a  kaolinised 
untwinned  felspar  and  plates  of  highty  kaolinised  finely  lamellated 
plagioclase  with  plates  of  clear  quartz  at  times  forming  a  mosaic. 
In  places,  the  felspar  outlines  are  idiomorphic  to  the  hornblende 
on  the  edges  of  the  quartz-felspar  areas.  The  species  of  felspar 
present  are  again  difficult  to  determine,  but  the  plagioclase  appears 
to  have  a  small  extinction  angle  on  symmetrical  lamelLa^  and  the 
untwinned  plates  appear  to  be  orthoclase.  Some  of  the  crystals 
show  a  suggestion  of  the  cross-hatching  of  microcline,  but  this  is 
to  be  regarded  rather  as  the  result  of  dynamic  strain  than  as  a 
primary  character.  Some  slight  degree  of  granulation  of  the 
quartz  and  felspar,  frequent  bending  and  pinching  of  the  horn- 
blende plates,  and  a  production  of  a  fibrous  structure  in  the  horn- 
blonde  are  attributable  to  the  same  influence. 

Tlio  affinities  of  this  rock  are  with  quartz-diorites,  but  on 
account  oi  similarities  to  the  Batavia  schists,  and  the  absence 
of  evidence  to  the  contrary,  it  lias  been  ma])i)od  as  of  the  same 
flericH  as  these  rocks.  Associated  with  it  in  the  field  are  finely 
foliated,  yellowish,  fine-grained  bands  of  cpidoto,  zoisito  and 
quartz. 
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The  fine-grained  Foliated  and   dense-black  Amphibolites. 

Isolated  outcrops  of  a  dense  black,  hard,  fine-grained,  foliated 
or  sheared  amphibolite  occur  at  several  spots.  They  are  represented 
by  :- 

[11314]  from  the  western  naargin  of  the  granite  about  If  miles 
east  of  the  30-Mile  Post  on  the  Nannine- Abbott's  Road. 

[3^3]  ^1^0  from  the  western  margin,  on  the  track  to  the  Sabbath 
Mine  from  Garden  Gully  Road,  about  1^  miles  north-west  of  the 
27-Mile  Post  on  the  Garden  Gully  Road. 

[3^]  from  Aimean  Hill  (K2). 

These  rocks  all  agree  in  being  very  dense,  black,  and  very 
hard,  and  more  or  less  finely  foliated.  In  some  sections,  as  in 
those  of  [11314],  they  consist  of  a  minutely  grained  mass  of  small 
ragged  plates  of  partially  chloritised  hornblende  aligned  in 
sensibly  parallel  thin  bands  separated  by  minute  mosaic.  In  others 
as  in  the  case  of  [3^3],  the  hornblende  is  in  thin  elongated  scales  ar- 
ranged in  folia  with  their  long  axes  parallel  to  the  foliation,  separ- 
ated by  minute  granular  mosaic  apparently  of  felspar,  with  granules 
of  zoisite  and  some  quartz.  The  yellowish  patches  visible  in  the 
rock  mass  consist  of  epidote  and  zoisite  grains  and  chlorite  scales. 
Finally,  in  [3^4]  there  is  a  very  dense  finely-fibrous  mass  of  horn- 
blendic  needles  in  patches,  in  imperfect  bands,  and  with  some 
needles  of  actinolitic  greenish  hornblende  of  appreciable  size.  The 
minute  needles,  in  many  cases,  are  seen  to  be  enclosed  in  indistinct 
felspar  plates,  which  have  sometimes  been  altered  to  a  fine-granular 
material,  probably  a  mixture  of  epidote  and  zoisite.  In  some 
parts  of  the  slides  the  appearance  suggests  felspar  plates  full  of 
minute  hornblende  needles. 

In  addition  to  these  outcrops  there  are  others  of  less  dense 
but  finely-foliated  hornblende  rocks,  such  as  occur  where  the 
Telegraph  Line  crosses  the  eastern  margin  of  the  granite  ;  and 
again  east  of  the  Chunder  Loo  Mine. 

The  former  are  represented  by  45d  [sis].  This  is  a  very 
minutely  foliated  wavy,  dark  grayish-green,  dense  rock  with  marked 
crinkling  on  the  plane  surfaces  at  right  angles  to  the  foliation.  In 
places,  small  knots  of  whitish  felspathic  material  are  visible  on 
the  foliation  surfaces.  In  section,  some  slides  are  finely  foliated 
with  folia  or  strings  of  scaly  hornblende  or  chlorite  separated  by 
folia  of  kaolinised  and  micacised  felspar,  qua-rtz  grains,  and 
occasional  strings  of  quartz  mosaic.  Calcite  grains,  epidote 
and  zoisite  grains  are  associated  with  the  quartz-felspp.r  folia.  In 
other  slides,  large  epidotised  and  zoisitised  felspars  occur,  which 
form  the  knots  visible  in  the  mass.  In  these  slides  there  are  im- 
perfect strings  of  perforated  prisms  of  green  hornblende,  and 
associated  with  them  are  nearly  colourless  or  pale-green  pi  a 
which,  from  their  large  angle  of  extinction,  are  referred  to  almost 
colourless  monoclinic  pyroxene.  In  part  these  plates  are  altered 
to  green  actinolitic  hornblende. 
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There  are  varieties  represented  by  a  specimen  collected  by 
Mr,  A.  Gibb-Maitland  [11212]  from  about  the  same  locaUty,  which 
are  grayish-green  in  colour  and  extremely  finely  foliated.  On  the 
foliation  surfaces,  the  specimen  [11212]  rather  resembles  a  fine- 
grained variety  of  [^i^o]-  In  section,  the  rock  is  an  extremety 
pyroxenic  f acies  of  45c^  [sis] ,  consisting  of  numerous  very  irregular 
plates  of  the  pale-green  mineral  in  a  highly  kaolinised  felspathic 
mass.  The  green  plates,  however,  frequently  not  only  mould  felspar 
crystals  but  completely  enclose  them.  There  are  numerous  grains 
of  sphene,  and  in  places,  a  change  from  the  pale  green  mineral  to  a 
deep  green  pleochroic  hornblende.  In  some  portions  of  the  slides, 
indeed,  hornblende  is  the  only  ferro-magnesian  visible.  Zoisite 
and  epidote  grains  are  common,  and  an  incipient  foliation  is 
noticeable. 

It  is  evident,  therefore,  that  the  different  specimens  of  45d 
[sis]  are  but  variations  of  a  finely-foliated  type  such  as  [11212]. 

The  outcrops  east  of  the  Chunder  Loo  are  represented  by 
4 Id  [si?],  and  43d  [sss].  The  former  is  a  rather  coarse-grained 
schistose  rock  in  which  the  hornblende  is  in  long  thin  ragged 
columns  or  prisms  arranged  in  more  or  less  parallel  imperfect 
bands.  The  mineral  is  sometimes  in  tufts  of  fibres,  sometimes  in 
fibrous  prisms,  and  sometimes — especially  in  the  areas  of  fine 
felspathic  mosaic  that  separate  the  hornblende  bands — in  small, 
almost  colourless  tufts,  nests  and  fibrous  sheaves. 

[sis]  43c?  is  much  finer  in  grain,  a  finely-foliated  hornblende 
schist  with  occasional  well-defined  aplite  and  pegmatite  veinlets. 

The  Relationship  of  the  Rocks. 

The  establishment  of  the  relationships  of  the  members  of  this 
Group,  scattered  as  the  outcrops  are  in  distribution,  with  distinct 
differences  both  in  composition  and  structure,  and,  with  no  con- 
necting Hnks  in  the  field,  is  a  matter  of  considerable  difficulty. 
The  dense-black  amphibolites  or  epidiorites  are,  with  little  doubt, 
varieties  of  the  same  rock,  but  the  finely  foliated  specimens  such 
as  [sla],  [sis]  and  [sIa],  are  by  no  means  obviously  connected  with 
them.  The  resemblance,  however,  between  [ahs]  and  [11314],  both 
so  far  as  their  general  characters  in  the  mass  are  concerned,  sucli 
as  colour,  foliated  structure,  mineral  composition,  and  the  persist- 
ence of  the  ])eculiar  crinkling  on  the  foliation  planes  ;  the  similarity 
between  the  dense-})lack  am])hibolites  and  [ssa],  and  the  close  cor- 
res])ondonco  })etweon  [h^a]  and  \ from  Batavia,  both  in  hand 
Kp(M;iin(!iiH  and  in  micr()sc()i)ic  characters  ;  these  all  render  it  highly 
j)r()l)al)le  that  the  various  members  are  only  dii'ferent  manifes- 
tatiorjs  of  the  one  rock  mass.  Of  M'luit  natur(>  this  mass  originally 
was,  tluiH!  is  no  ovi(lon('(%  though  the  characters  of  the  donse-bUu^k 
ttm])hih()lit(!s  nro,  not.  utiliUo  those  of  fine-grained  amphibolites 
to  which  Hii  oi-igiii  for-  ancient  lavaH  has  been  ascribed. 


(/.)  The  Sheared  Amphiholites  and  Epidiorites  of  Yaloginda. 

Nearly  all  the  rocks  in  the  neighbourhood  of  Yaloginda  have 
been  reduced  by  alteration  to  clays,  so  that  any  differences  in  origin, 
mineral  composition  and  structure,  have  been  largely  obliterated. 
In  general,  however,  they  show  sufficient  similarity  in  colour, 
in  fineness  of  grain,  in  structure,  in  mineral  composition  when 
fresh,  and  in  decomposition  products,  to  warrant  their  being  placed 
all  in  the  same  group  ;  and,  though  it  will  be  seen  from  the  descrip- 
tions which  follow  that  they  are  similar  in  character  to  the  fine- 
grained amphiholites  already  considered,  nevertheless,  the  definite- 
ness  of  the  locality  of  their  occurrence,  the  definite  presenc^i  of 
shearing  and  the  general  uniformity  in  their  characters  entitle 
them  to  separate  consideration. 

In  the  field,  the  fresher  specimens  are  yellowish-green,  or 
rather  pale-green,  fine-grained  rocks  with  a  more  or  less  distinct 
schistosity  or  sheared  structure.  The  clayey  rocks  are  greenish, 
yellowish-green,  yellow  or  gray,  are  frequently  sheered  and  are  all 
fine-grained.  The  freshest  specimens  obtained  are  represented 
by  \_^\t\  from  the  Sirdar  Group,  bottom  level  of  Shaft  5  ;  and  [g^^y] 
from  the  dump  of  Shaft  21  in  the  Kelpy  Group. 

The  former,  [^^f],  is  a  weathered,  yellowish-green,  very  fine- 
grained, slightly  sheared  rock.  In  section  it  consists  of  a  felted 
mass  of  minute  needles  of  colourless  hornblende  p^rranged  in  in- 
numerable small,  more  or  less  parallel  and  undulating  strings, 
but  with  numerous  needles  at  all  angles  to  the  general  alignment. 
Scattered  all  through  the  felt  are  numerous  small  grains  of  zoisite 
and,  probably,  of  epidote.  There  are  also  occasional  minute 
clear  grains  of  albite.  The  structure  is  distinctly  minutely  schis- 
tose. 

From  these  characters,  the  rock  is  a  fine-grained  sheared  or 
schistose   zoisite-amphibolite   or  epidiorite. 

[g^y]  is  a  highly  sheared  or  schistose  grayish- green  flaky  rock 
distinctly  fibrous  in  cross  section.  Microscopically,  it  is  a  highly 
sheared  intensely  fibrous  hornblendite  or  epidiorite  consisting  of 
numerous  fibrous  plates  or  aggregates  of  fibres  curved  and  undu- 
lating, but  mostly  arranged  in  parallel  alignment,  with  occasional 
''augen"  of  fairly  clear  felspar,  or  with  strings  of  felspar  mosaic 
As  many  of  the  '*  augen"  are  ^;ranulated  at  the  corners,  the  mosaic 
is  doubtless  due  to  the  breaking  down  of  the  original  felspar  plates. 
In  the  fibrous  mass,  there  are  here  and  there  pale-greenish  plates 
of  non-fibrous  actinolitic  hornblende.  The  appearance  of  the 
slides  suggests  an  origin  from  a  pyroxenite  or  gabbro  similar  to  8  78- 
and  there  is  also  in  the  fibrous  structure  with  the  pale-green  non- 
fibrous  prisms,  a  close  resemblance  to  some  of  the  actinolitic- 
zoisitic  rocks.  Zoisite,  however,  if  present,  is  in  very  small  amount. 
There  are  grains  perhaps  referable  to  leucoxene. 

From  these  two  specimens,  therefore,  which  may  be  taken 
as  typical  of  the  Yaloginda  greenstones,  there  is  evident,  in  [g-^x^, 
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a  marked  resemblance  to  [3^]  one  of  the  fine-grained  fibrous 
zoisitic-amphibolites,  a  resemblance  almost  amounting  to  an 
identity.  Moreover,  in  [3^77]'  *here  is  also  a  marked  similarity  to 
both  the  actinolitic-zoisitic  rocks  and  to  the  pyroxenic  varieties 
of  the  uralitic  dolerites.  Consequently,  though  it  is  impossible  to 
map,  in  detail,  the  Yaloginda  rocks,  there  is  little  doubt  that  they 
consist  of  largely,  if  not  wholly,  of  sheared  fine-grained  zoisitic 
and  intensely  fibrous  epidiorites,  in  all  respects  except  the  shearing 
comparable  to  those  already  described. 

Of  the  weathered  specimens,  little  can  be  stated,  though  many 
slides  have  been  examined.  Some  specimens  are  dark  green 
foliated  chloritic  and  talcose  rocks,  while  others  are  greenish  claj^s 
composed  of  fibrous  green  chloritic  material.  [3^5]  from  Shaft 
13ft.  V.D.,  south  of  the  S.W.  Peg.  of  the  Kelpy  South  G.M.L.,  which 
is  a  pale  grayish-green  talcose  rock  of  fine-grain,  differs  slightly  from 
the  normal  specimens  in  consisting  apparently  of  a  mass  of  pale- 
green  chloritic  and  talc  scales  and  patches  with  numerous  colour- 
less tremolitic  needles.  [3^4]  again,  from  Shaft  11,  on  the  Black 
Jack  Group,  indicates,  in  the  presence  of  leucoxene  patches  and 
fibrous  hornblendic  forms,  an  affinity  with  some  coarse  dolerites. 
The  slides  of  the  weathered  specimens,  however,  have  not  been 
found  to  show  characters  of  any  real  petrological  importance. 

According  to  Mr.  Clarke,  these  schists  or  sheared  rocks  of 
Yaloginda  are  important,  as  they  form  the  coimtry  both  of  the 
small,  sometimes  rich  veins  of  the  vicinity,  and  of  the  lode  form- 
ations "  in  the  Karangahaki  Belt. 

{k.)  The  Kyarra  Schists: — 

In  the  Kyarra  Mine,  in  the  Main  Shaft,  at  a  vertical  depth 
of  about  280ft.,  specimens  of  a  rock  of  somewhat  peculiar  character 
were  obtained.  These  are  all  extremely  weathered  and  brittle, 
and,  consequently,  very  difficult  to  section.  In  external  appearance, 
they  are  dull  grayish-green,  soft  and  friable,  extremely  schistose, 
with  thin  streaks  of  greenish  chlorite  on  the  surface  of  schistosity, 
and  with  indistinct  small  white  felspars  on  the  cross  fracture. 

In  some  sections,  there  are  apparent  j)henocrysts  of  felspar 
very  turbid  from  kaolinisation,  rather  ragged  in  outline  and  fre- 
qu(5ntly  chloritised,  in  a  ground-mass  of  fine;  mosaic  very  unevenly 
distributed.  In  addition  to  the  fels])ar,  arc  small  plates  of  quartz. 
Scaly  strings  of  ])alo  yellow-groon  chlorite  occur  S})c)radically,  and 
there  are  numerous  small  ragged  patches  of  o])a(]ue,  gray,  granular 
material,  white  by  incident  light,  of  unc(^rtain  identity.  In  other 
sections,  there  are  ])ronouncod  shearing  or  dynamic  effects.  The 
yellow-green  chloritic  strings  are  frequent,  wavy  and  undulating, 
and  curving  round  the  fols])ar  forms,  causing  the  latter  to  ap])ear 
as  "  augen."  Associated  with  them  are  colourless  highly  biro- 
fringont  scaly  aggrogutos  and  strings  of  a  talcose  or  sericitic  char- 
acter,  i)robably   the   lattor.    'J'lio   felsj)alhic   crystals  are  rather 
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frequent,  and  at  first  sight  the  rock  has  the  appearance  of  a  coarse 
gabbro  or  dolerite  in  which  the  felspars  are  very  kaolinised  and  the 
ferro-magnesians  altered  to  yellow-green  chlorite.  The  origin  of 
the  mosaic  is  uncertain,  whether  a  ma,trix,  a  ground-mass  enclosing 
the  felspars  as  phenocrysts,  or  produced  by  the  disintegration  of 
larger  felspar  plates.  There  is  no  doubt  that  some  disintegration 
has  occurred,  the  margins  of  most  of  the  felspars  being  considerably 
granulated  ;  and  this  fact  in  conjunction  with  the  uneven  dis- 
tribution of  the  mosaic  suggests  that  the  last- mentioned  origin  is 
the  most  probable.  Frequent  small,  nearly  black  opaque  grains, 
white  by  incident  light,  resemble  leucoxene  but  are  not  certainly 
this  mineral. 

The  origin  of  the  rock  is  doubtful,  but  its  microscopic  appear- 
ance, though  indistinctly  porphyritic,  seems  to  point  to  the  rock 
being  an  intensely  sheared,  schistose  and  considerably  granulated 
chloritised  dolerite.  This  view  is,  to  some  extent,  supported  by 
the  occurrence,  already  noted,  of  actinolitic-zoisitic  rocks  in  the 
Kyarra,  that  are  in  a,ll  probability  derived  from  gabbros  or  dolerites. 
The  field  relation,  however,  of  the  two  types  are  nowhere  to  be 
made  out. 

(l.)  Th-i  Serpentines  : — 

Outcrops  of  these  rocks  have  been  found  on  hills  about  two  miles 
south  of  Belele  Homestead,  which  is  about  17  miles  to  the  west 
of  Meekatharra  ;  on  the  eastern  margin  of  the  uralitised  dolerites 
near  the  Old  Battery  ;  and  a-t  the  north  end  of  the  Karangahaki 
Group. 

As  these  rocks  exhibit  characters  whiclj  are  not  all  alike,  and 
of  which  some  will  be  of  importance  when  the  black  Schists  and 
the  talc-chlorite-carbonate  rocks  come  to  be  considered,  it  is  ad- 
visable to  describe  them  in  some  detail. 

The  most  northerly  outcrop  in  the  area  is  represented  by  57(i 
[rIb],  which  occurs  on  the  eastern  flank  of  a  low  hill  about  60 
chains  east  of  the  32  M.P.  on  the  Garden  Gully  Road.  Outwardly, 
it  is  a  rather  fine-grained,  dark  grayish-green  rock  with  a  thick  red 
crust.  In  section,  it  consists  of  columnar,  platy,  and  rounded 
forms  of  colourless  fibrous  chloritic  serpentine,  with  opaque  gray 
granular  aggregates  of  a  mineral  with  high  refractive  index  and 
high  birefringence,  in  the  interstices  between  these  forms.  The 
mineral,  though  somewhat  obscure,  is  referred  to  granular  augite. 
There  are,  moreover,  some  very  irregular,  pale  yellow  patches 
of  an  isotropic  chlorite.  The  original  minerals  of  the  serpentine 
have  been  in  part  pyroxene,  in  pe.rt  olivine,  the  latter  being  still 
indicated  by  the  rounded  forms.  Many  of  the  columnar  forms 
preserve  almost  crystalline  boundaries.  An  approach  to  poecilitic 
structure  is  shown  by  the  partial  moulding  of  rounded  pseudomorphs 
after  olivine  by  granular  augite.    The  outline  of  many  of  the  forms 
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is  slio\m  by  strings  of  magnetite  and  perhaps  chromite.  The  rock 
appears  to  have  been  originally  of  the  nature  of  a  hartzburgite. 

Due  south  of  [sFe],  on  the  western  margin  of  the  uralitised 
dolerite  54:d  [e^g],  a  serpentine  represented  by  55d  [7 Jg]  makes  its 
appearance. 

In  the  mass,  this  rock  is  very  similar  in  appearance  to  [sle], 
In  section,  it  is  distinctly  coarse  in  grain,  and  consists  of  numerous 
round  forms  of  serpentine  often  poecilitically  enclosed  in  intensely 
fibrous  or  schillerised  anhedral  plates  of  a  gray  pyroxene,  which 
is  in  most  cases  monoclinic.  In  many  of  the  pyroxene  forms,  a 
change  to  scaly  chloritic  serpentine  is  in  process.  In  some  cases, 
the  poecilitic  structure  is  remarkably  clearly  shown,  several  rounded 
serpentinised    olivines  occurring  in  the  augite  plates  (Fig.  78). 


Fig.  78. 


Photo  :  R.  A.  r\  Notr.  1228. 

Microphotograph  [;,',.,].-  The  rounded  serpentinised  olivine  grains 
and  the  fibrous  er  schillerised  chloritic  pyroxene  are  visible. 
Poecilitic  structure  is  also,  though  indistinctly,  shown. 


liesides  the  rouricknl  forms,  which  sometimes  occur  in  pjitclies, 
there  are  frequent  columnar  and  i)laty  forms  whicli  are  brokeji  up 
by  strings  and  grains  of  black  iron  ore,  the  ser])entinous  fibres, 
as  usual,  b(;ing  often  Vot  right  angl(>H  to  the  strings.  Many  of  tlie 
|)yn).x(!rui  fortns  aro,  now  obscun^  ()i)a(iuo,  gray,  and  granular, 
from   (l(!(;onip()siti()n   and   (lev(^l()])ment  of  granular  magiu^tito. 

The  original  minerals  in  the  rock  wc^re,  tiu!r(4ore,  oli\  ine  in 
roinid  grains  and  ])laty  ])yr()xene,  diallage  and  i)oHsil)ly  in  ])art 
(instatito.     It  is  ess(;ntially  identical  with  [>uu,]. 
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On  the  western  margin  of  the  same  series  of  uraUtised  dolerites, 
serpentine  has  been  discovered,  re]3resented  by  [^^y]  and 
51c?  [sis].  The  former  [3^7]  was  obtained  from  e.  spot  10  chains 
north  of  the  31  M.P.  on  the  Garden  Gully  Rop.d,  and  the  latter,  57rf, 
from  a  little  distance  to  the  south. 

[giy]  is  a  fine-grained  greenish-black  rock,  soft  enough  to  be 
scratched  with  a  knife.  In  ordinary  light,  sections  show  a  colour- 
less mass  with  small  patches  of  very  faint  green  tint,  in  which  are 
small  tlireads,  squares,  and  granular  aggregates  of  magnetite, 
and  occasional  j)atches  of  grayish  granular  carbonate.  In  polarised 
light,  there  are  patches  of  irregular  platy  shapes  of  fibrous  serpen- 
tine ;  a  few  small  patches  of  talcose  scales  ;  ragged  aggregates 
of  calcite  grains  and  some  isotropic  aggregates  of  chlorite  scales. 
There  is  no  characteristic  form  from  which  the  origin  of  the  serpen- 
tine can  be  inferred.  The  rounded  form  of  olivine  grains  is  not 
apparent,  the  structure  being  rather  platy  than  otherwise.  The 
rock  is  a  chloritic-carbonate-serpentine. 

51d  [sis],  which  is  a  very  fine-grained  greenish  black  rock,  has 
in  section  in  ordinary  light,  a  prevaihng  green  tint,  and  consists  of 
rounded  forms  of  varying  sizes,  columnar  and  squarish  forms. 
All  the  forms  in  places  are  in  part  gray  and  minutely  fibrous,  while 
occasionally  there  is  an  opaque,  yellowish  or  bro\vnish,  minutely 
fibrous  chloritic  aggregate  in  which,  however,  rounded  cracked 
forms  are  also  visible.  Columnar  green  plates  are  often  broken  up 
by  cracks  which  are  marked  by  the  gray  fibrous  material.  Some 
of  the  rounded  plates  are  wholly  made  up  of  turbid,  yellow,  more 
or  less  intensely  fibrous  material.  In  places,  there  are  some  pale 
pink  and  slightly  pleochroic  scales  ;  in  others  the  forms  have  quite 
a  crystalline  appearance  as  well  defined  columns  and  squares. 

In  polarised  light,  the  slides  are  fine  scaly  with  rounded  areas 
of  nearly  isotropic  scaly  material  and  more  coarsely  scaly  columnar 
forms.  In  general,  however,  both  the  columns  and  squares  and 
the  rounded  forms  consist  of  small  serpentinous  scales.  Some 
anhedral  opaque  crystals  charged  with  granular  magnetite,  may 
represent  an  original  pyroxene,  but  they  are  now  obscure.  Veinlets 
of  talc  scales  traverse  the  slides. 

The  serpentine  from  near  Belele  Homestead  is  fine-grained  and 
black  with  numerous  small  brownish  ferruginous  sj^ots.  In  section, 
it  is  a  fine  scaly  mass  with  numerous  rp.gged  lath-shaped,  columnar, 
and  tabular  intensely  fibrous  or  schillerised  chloritic  forms.  Some 
of  these,  particularly  the  larger,  have  an  appearance  resembling 
thp,t  of  lamellated  felspars.  The  fibrous  or  schiller  structure  is 
brought  out  by  a  minute  dust  which  marks  the  striation,  gray  by 
transmitted,  but  brownish-red  by  incident  light.  These  plates, 
though  obscure  in  optical  characters,  may  be  altered  bronzite. 
Rounded  olivine  forms  appear  to  be  absent,  and  the  rock  has 
thus  been  derived  from  a  x)eridotite  closely  akin  to  a  pyroxenite. 
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There  is  one  other  rock  of  serpentine  character  that  may  be 
included  here*,  though  on  account  of  the  alteration  it  has  under- 
gone, it  should,  perhaps,  more  correctly  be  considered  later 
amongst  the  Talc-chlorite-carbonate  Rocks.  Its  characters,  how- 
ever, are  so  distinct,  and  its  origin  so  clear,  that  it  is  considered 
here.  This  rock,  represented  by  [yyg]  o^^curs  in  shaft  2,  west  en  d  of 
cross-cut,  in  the  Karangahaki  Group.  It  is  a  dense-black,  very  fine 
grained  rock.  In  section,  in  ordinary  light,  it  is  composed  almost 
wholly  of  small  round  colourless  or  faint-green  forms,  the  outlines 
of  which  are  defined  by  a  ring  of  magnetite  granules.  A  few  thin 
columnar  and  irregula,r  forms  occur  in  addition  to  those  rounded. 
In  polarised  light,  all  the  forms  are  seen  to  consist  of  minute  scales 
of  talc  with  a  little  associated  chlorite  and  nearly  isotropic  serpen- 
tine, while  besides  the  ring  of  magnetite  outlining  the  round 
crystals,  there  is  frequently  a  rim  of  carbonate,  which  in  some 
cases  almost  wholly  replaces  the  talc  scales.  The  majority  of 
the  rock,  therefore,  consisted  of  olivine,  so  that  originally  it  was 
allied  to  a  dunite.    It  is  now  a  talc-carbonate-serpentine  (Fig.  79). 

Fic.  79. 


JMiolo  :  11.  A.  V.  Ni;-'.  liiil. 

Microphotograph  Outlines  of  olivine  grains  now  pseiido- 

morphed  by  talc  scales.  The  outlines  are  de.lned  by 
magnetite  granules. 

KllLATIONSHlI'S    AND    OrHHN   OK  'rilh:  IvOCKS. 

It,  is  clear  thr.t,  on  tiio  w^holo,  these  sorpcntincs  are  all  closely 
Hiinilai-.  In  tlic  origiiu-J  form  of  some  of  them,  e.g.,  [17^]  and  Igjg]. 
(jlivino  a])])(uirH  to  Imvo  bo(Mi  ])red()minant,  in  that  of  otliors,  e.g.,  [799] 

•  Tho  |»iil(!->fnj<!n  Holt  rliloriti(vialc<)'^i«  rock  cxt  inliui,--  from  tlic  l'ionc<  r  uniiii  workiuirs 
to  tho  wull  of  tho  (l»)Vi!nini<'iit  Hiittcr.y  is  ii  talc  t  liloritf  scri)cn1  iiu>,  Imt  too 
weathered  for  deHcriptioii. 
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and  the  Belele  Homestead  rock,  pyroxene,  if  not  predominant, 
was  at  least  very  strongly  developed.  Such  variations,  however, 
are  just  such  as  might  be  expected  as  the  result  of  differentiation  in 
rock  masses  of  the  same  age  and  of  the  same  origin  from  a  peridotitic 
magma.  It  is  particularly  worthy  of  note  that  these  serpentines 
occur  in  nearly  every  case  associated  with  rocks  that  were  once 
coarse  gabbros  or  dolerites  and  now  are  uralitised  and  zoisitised 
derivatives  of  these.  Owing,  however,  to  the  obscurity  of  the  out- 
crops in  most  cases,  and  to  the  chemical  and  dynamical  alteration 
of  the  rocks  in  others,  it  is  impossible  to  state  whether  the  peridotites 
from  which  these  serpentines  have  been  derived,  were  separe^te 
dykes  from  the  gabbros,  or  but  basic  differentiation  facies  of  a 
gabbroid  complex.  This  constant  association,  however,  of  altered 
gabbro  and  serpentine  is  certainly  suggestive. 

2. — The  Chloritic,  Carbonated  and  Talcose  Rocks. 
These  have  been  sub-divided  as  follows  : — 
{a.)  Flecked  Schist. 
{h.)  Chloritic  Slates. 

(c.)  Black  Schists  and  Black-Talc-Chlorite-Carbonate 
Rocks. 

{d.)  Flecked  Chlorite- Carbonate  Rocks, 
(c.)  Fuchsite- Quartz-Carbonate  Rocks. 

These  rocks  have  all  been  so  much  altered  by  chloritisation, 
carbonation  and  talcicisation  that  their  original  character  has  been 
very  considerably  disguised  or  destroyed.  In  regard  to  them,  it  has 
been  felt  that  to  facilitate  mapping  and  to  enable  the  different  types 
to  be  recognised  readily  in  the  field,  it  is  more  desirable  to  describe 
the  rocks  under  titles  which  indicate  their  external  appearance  and 
structure  than  under  those  which  express  in  technical  terms  their 
origin  and  the  changes  which  they  have  undergone  from  their  original 
state,  more  especially  as  these  rocks  are  those  most  closely  associ- 
ated as  "  country  "  with  the  lode  formations  of  the  area.  Owing, 
however,  to  the  obscurity  of  their  relations  with  one  another,  it 
has  been  possible  to  trace  their  distribution  only  by  collecting 
numerous  specimens  from  all  available  exposures,  whether  on  the 
surface  or  in  the  mine- workings,  and  by  careful  microscopic  study  of 
vestigial  structures  and  probable  former  composition.  Naturally, 
by  these  methods,  it  is  generally  quite  impossible,  from  the  lack 
of  exposures,  to  do  more  than  guess  at  the  boundaries  of  the 
different  facies,  and  there  is  frequently  a  certain  amount  of  doubt 
even  as  to  what  facies  are  most  closely  connected,  while  there  is 
always  a  difficult  balancing  of  the  meagre  evidence  with  regard 
to  the  affinities  of  the  specimens  with  each  other.  This  is  esj^ec- 
ially  the  case  with  the  talc-chlorite,  the  flecked  chlorite-carbonate, 
and  the  fuchsite-quartz-carbonate  rocks. 
(^0 
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(a.)  The  Flecked  Schists. — 

The  type  of  rock  described  under  this  head  has  been  found 
in  the  Queen  of  the  Hill  Mine  at  the  plat  in  No.  3  Level.  The 
distribution  of  the  rock  is  but  vaguely  known,  and  is  best  stated 
in  the  words  of  Mr.  Clarke  : — "  The  bulk  of  the  country  near  Meeka- 
tharra  is  composed  of  rocks  of  this  subdivision,^  which  form  a  com- 
plex with  the  peridotitic  rocks.  The  separation  of  these  two  types 
in  the  field  is  often  difficult,  and  the  boundaries  are  by  no  means 
as  definite  as  would  appear  from  the  map." 

In  external  appearance  the  rock  is  highly  sheared  and  white 
with  numerous  dark  green  flattened  flecks  on  the  shear  surfaces. 
These  flecks  on  the  cross  fracture  appear  as  extremely  thin  green 
streaks  or  lines.  They  vary  on  the  flat  surfaces  from  one- 
eighth  of  an  inch  to  three- eighths  of  an  inch  across  in 
anv  direction.  For  some  time,  owing  to  the  difliculty  of 
obtaining  any  section  of  the  rock  with  distinctive  characters, 
it  was  regarded  as  tufaceous  or  agglomeratic  in  origin,  the 
green  flecks  being  attributed  to  the  flattening  out  by  intense 
shearing  of  weathered  chloritic  fragments  or  vesicles.  Ultimate^, 
however,  sections  were  obtained  which  proved  this  view  to  be 
erroneous. 


In  sections  taken  from  a  tyj)ical  spocimou  such  as  [^gv]*  the 
njck  is  soon  to  consist  of  largo,  rounded,  irregular  or  cohimnar 
forms  highly  cliloritisod,    in  places    serpontiniaed,  and  seamed 

1.  lie  includc'H  the  (/'lilorit icr  SliitcH  in  the  HulKlivisioii. 

'1.  i  v.,  Hhick  SchiHtH.  tiilc.-clilorite-ciirlK.nii'c  rocks  iiiid  luclisitc  (luiutz-cnrboiudo 

rockb. 


Fig.  80. 


riioto  :  R.  A.  F.  N.'!:.  1227. 

Microphotograph  | J.— Showing  the  chloritised  phenocrysts  of 
a  ferro-magneslan  in  a  fine-grained  plexus  of  felspar  laths. 
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with  cracks,  in  a  fine-grained  ground-mass  which  is  a  plexus  of 
indistinct  laths  of  felspar  with  associated  small  chloritic  and  appar- 
ently fibrous  hornblendic  plates.  The  large  forms  are  often  so 
sheared  and  chloritised  as  to  appear  as  isotropic  chloritic  fragments 
with  irregular,  triangular  or  wedge  shapes.  In  all  sections,  the 
ground-mass  is  obscured  by  a  large  development  of  opaque,  gray 
granular  material,  which  in  some  sections  is  epidote  or  zoisite, 
but  in  most  is  granular  carbonate.  (Fig.  80.)  Since,  moreover, 
in  many  sections,  the  large  forms  have  a  triangular,  wedge  or  irregu- 
lar shape,  they  suggest  enclosed  fragments,  but  slides  have  been 
obtained  in  which  an  original  crystalline  phenocrystal  habit  of 
these  green  forms  is  undoubted,  and  it  is  clear  from  these  that  the 
rock  was  originpJly  a  fine-grained  doleritic  facies  with  phenocrysts 
of  a  ferro-magnesian  that  was  in  all  probability  augite.  The 
structure  is  sometimes  very  suggestive  of  the  ophitic. 

Tv/o  rocks  from  different  localities  have  been  included  here, 
one.  represented  by  29d  [sig],  from  a  crosscut  west  from  Shaft  J  on 
(514n),  and  the  other  59c?  [slo],  from  a  dump  in  the  Ingliston 
Northern  Deeps.  Both  are  extremety  weathered,  and  though 
they  are  unlike  [j^],  being  fine-grained  and  minutely  acicular 
gray-green  rocks,  they,  nevertheless,  both  agree  with  [j^]  in 
having  small  dark  chloritic  forms.  But,  whereas  in  [y^y]  these 
forms  are  green  and  flattened,  and  the  rock  is  much  sheared,  in 
[si^]  and  [who]  the  chloritic  spots,  which  resemble  black  flint,  are 
nowhere  flattened  and  the  rock  is  unsheared.  In  section,  [sis] 
consists  of  numerous  very  ragged,  small  fibrous,  greenish,  r,nd 
yellowish  chloritic  forms,  with  an  indistinct  plexus  of  small  rods  of 
felspar  in  places.  Occasionally  there  are  minute  greenish  scaly 
patches  in  which  are  smpJl  spherules  of  chlorite.  There  is  much 
brownish  iron,  ore,  and  apparently  some  small  grains  of  leucoxene. 
[swo]  consists  of  a  confused  mass  of  small  irregular  fibrous  plates 
of  chlorite  and  talc,  in  an  indistinct  plexus  of  small  lath- shaped 
felspars. 

Both  rocks,  therefore,  are  very  similar  in  character  and  both 
are  of  dolerite  origin.  Though  on  the  evidence  available  it  is  im- 
possible to  state  definitely  what  dolerite  group  they  are  connected 
with,  from  their  similiarity  to  [y^y],  and  the  absence  of  definite 
evidence  to  the  contrary,  they  are  included  in  the  Flecked  Schists. 

(b.)    The  Chloritic  Slates — 

Occasionally,  associated  with  the  Flecked  Schists,  with  the 
Kyarra  Schists,  and  with  the  Yaloginda  Schists,  and  probably 
with  a  considerable  development  in  the  Jasper  Bar  country,  are 
soft,  dull,  gray-green  chloritic  slaty  rocks,  somewhat  jointed,  and 
with  imperfect  fissility.  Typical  specimens  of  the  rocks — all  of 
which  are  considerably  weathered — are  obtainable  from  the 
Commodore  Mine,  e.g.  [j^q]  and  [2 Jo^'  from  the  No.  3  Level,  cross- 
cut west,  near  the  south  end  of  drive  on  the  West  Lode. 
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These  rocks,  in  section,  in  ordinary  light,  consist  of  a  minute, 
scaty,  yellowish,  loose  ground  which  at  times  gives  place  to  pale- 
yellowish-green  chlorite,  in  which  are  numerous  rounded  broM^iish 
granular  aggregates  of  iron- stained  carbonate,  frequently  en- 
closing quartz  mosaic  or,  very  rarely,  what  proves  to  be  in  polarised 
light,  minutely  lamellated  felspar.  In  addition,  there  are  numerous 
small  black  grains  probably  of  iron  ore.  In  polarised  light,  the 
yellowish  ground  becomes  almost  quite  isotropic,  with  a  little 
ixdnute  quartz  mosaic.    The  greenish  chlorite  is  also  isotropic. 

The  origin  of  these  slates  is  doubtful.  While,  in  structure, 
they  somewhat  resemble  sedimentary  slates,  the  imperfect  fissility, 
a  suggestion  of  shearing  on  the  cross  fracture,  the  composition 
largely  chloritic  and  not  so  heterogeneous  as  in  sedimentary  slates, 
are  all  characters  more  in  accord  with  an  origin  from  igneous  rocks. 
An  analysis  of  the  rock  [goo^  i^9,de  in  the  Survey  Laboratory,  gave 
these  results — • 


I. 

II. 

Si02 

49-22 

48- 06 

Al,03 

16-63 

16-21 

3-00 

-89 

FeO 

6-68 

10-37 

MgO 

7-38 

6-67 

CaO 

2-80 

11-37 

NaaO 

3-38 

2-50 

K,0 

0-06 

0-27 

H2O  + 

4-90 

0-59 

H  2O  —      .  . 

1-44 

010 

TiO.2 

102 

-90 

CO,  

403 

1-03 

Total  .  . 

..  100-54 

99- 89* 

Sp.  Gr.,  2-65.    *  Contains  -34  FeS,;    -59  MnO.    Analyst,  H.  Bo.vley. 
I-  [255]- 

II.  Fine-grained  amphibolito,  G.S.M.  [4425]:  Mt.  Malcohu,  Mt.  Mar- 
garet G.F.    liuil  G.S.,  W.A.,  No.  11  (1903),  p.  7. 

Allowing  for  the  difference  in  the  ])ercentage  of  CaO  and  CO.^  in 
the  two  analyses,  there  is  a  noteworthy  similarity  between  them, 
and  th(!  ])etrological  evidence  of  a  doris-ation  of  [200]  ^'^^  C199] 
from  a  fine-grained  amphibolitt;  is  supporttxl  by  them. 

In  the  Queen  of  the  Hill,  s])ociinens  have  also  been  obtained 
of  oxtreinely  weathered  rocks  e.g.   [j,^,^]  [340]  whicii  are 

peculiar  in  both  a])])oaranc(i  and  ('(nnixjsition.  'I'hoy  are  slaty 
yellowish  rocks,  brownish  ycillow  in  \:^\^)  \  and  pistachio-groen  and 
yellow  in  (  jc^,„l.     In  H(ictioii,  '^^      hri(^l>'  foliated  slightly  con- 

torted chloritic;  slate  with  folia  of  (|narl /,- f(>lspar  mosaic.  There 
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is  much  bro%vn-3^ellow  rutile  in  grains  in  the  rock,  [y^^]  is  in  section 
a  fine-grained  sericitic  phylHtic  rock  heavily  charged  with  rutile 
grains  and  aggregates. 

The  origin  of  these  rocks  is  very  uncertain.  In  slaty  structure, 
they  somewhat  resemble  sediments,  but  [34 ol?  both  in  section  and 
on  the  cross  fracture,  more  closely  resemble  a  fine-grained  am- 
phibolite.  An  analysis  of  [j^q]  in  the  Survey  Laboratory  gave 
the  following  results  : — 


SiOa 
AI2O3 

FeO 
MgO 
CaO 
NasO 
K2O 
H2O  - 
H2O  + 
TiO-2 


47-21 
31-27 
1-43 
•33 

1-  64 
0-14 
0-14 

11-12 
0-06 
4-37 

2-  56 


Total   100-27 


Sp.  Gr.    2-86.    Analyst,  H.  Bowley. 

The  extremely  high  precentage  of  alumina  and  potash  is  re- 
markable, and  points  to  a  preponderance  of  a  pote^sh  alumina 
silicate,  doubtless  the  sericitic  mica.  This,  with  the  high  per- 
centage of  rutile,  rather  suggests  a  sedimentary  origin  of  the  rock, 
though  the  evidence  can  scarcely  be  regarded  as  conclusive. 


(c.)    The  Black  Schists  and  Black  Talc-Chlorite-Carhonate 
Rocks. 

These  rocks  are  found  in  mines  throughout  the  Paddy's  Flat 
belt,  on  the  eastern  side  of  the  main  lode  channels  from  the  north 
end  of  the  Halcyon  Group.  Their  detailed  distribution,  so  far 
as  can  at  present  be  made  out,  is  shown  in  Plate  13.  The  two 
varieties  frequently  occur  together  and  tongues  of  the  Flecked 
Schist  cross  the  complex  of  the  two,  while  the  Flecked  Schist  is 
developed  both  on  the  east  and  on  the  west  side  of  it.  The  Black 
Schists  are  developed  chiefly  in  the  southern  portion  of  the  belt, 
and  the  Talc- Chlorite- Carbonate  rock  chiefly  in  the  northern. 


The  Black  Schists. 

These  are  typically  developed  in  the  Ingliston  Extended  Mine, 
frequently  in  close  contact  with  the  black  dolerite. 
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In  hand-specimens  they  are  gray-black  to  dense  black  fine- 
grained rocks,  rather  soft  and  frequently  sheared,  and  closely  re- 
sembling the  talc-serpentine  of  the  Karangahaki  [j^g]*  Under 
the  microscope,  they  generally  present  a  rather  remarkable  ap- 
pearance. There  are  numerous  squarish,  columnar  and  rounded 
clear  forms  of  minute  scaly  talc  in  a  fine-grained  black  or  brownish- 
black,   frequently  minutely  fibrous  ground.    (Fig.    81.)    It  has 


Fig.  81. 


Photo  :  R.  A.  F.  Nog.  12:50. 

Microphotograph  [.,',  J.— Exhibits  the  apparent  porphyritic 
character  of  the  rock.  The  light  coloured  forms  are  talc 
pseudomorphs,  the  dark  areas  mostly  brownish  and  blackish 
chlorite. 


}>een  already  nunarkod  that  near  the  contact  with  these  schists, 
the  Ji  ghston  Extended  dok'rito  is  highly  por])hyritic  with  a  miiwte 
ground-mr.ss.  Consequently,  at  first  these  rocks  were  taken  as 
highly  altered  and  somewhat  sheared  products  of  this  dolerite,  the 
a])])ar(!utly  i)hen()crystal  talc  forms  being  regarded  as  pseudomorphs 
rJtor  f(!lHpar.  Thv.  ()('(;urr(Mice,  however,  of  frecpient  large  rounded 
forms  wit  h  thin  streaks  of  blackish  fibrous  material,  the  similarity 
of  the  fincly-fihrouH  ground  to  th(^  yellowish  and  brownish  finely 
fibrous  chloritic  material  already  (kwribed  in  [nHnlii-nd  the  resem- 
blance b(;tw('(;n  the  s(|uai  ish  and  (•(.linmiar  lorms,  and  the  serpentine 
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plates  in  [sFs]  and  other  serpentines  raised  doubts  of  their  genetic 
connection  with  the  dolerite.  Moreover,  an  analysis  of  one  speci- 
men [yJt]'  from  the  425ft.  Level,  of  the  Ingliston  Extended,  gave 
the  following  results  : — 


SiO.2 

AI.2O. 
FeiOa 
FeO 
MgO 
CaO 
NagO 
K26 
H2O 
H2O 
TiOa 
CO2 
G 


+ 


Total 
Sp.  Gr.  2-74. 


40-32 

6-  63 

3-  41 

7-  34 
25-66 

4-  57 
-22 

Trace 
7-16 

1-  32 
•64 

2-  78 
•06 

100-11 


Analyst,  H.  Bowley . 


The  low  percentage  of  Al.^Oy  and  SiO.2,  and  the  extremely  low 
percentage  of  the  alkalies,  show  that  the  colourless  scaly  material 
of  the  pseudomorphs  is  not  mica,  but  talc,  while  this  fact  together 
with  the  extremely  high  percentage  of  MgO  indicates  clearly  that 
the  original  rock  was  an  ultrabasic  and  highly  magnesian  type. 

From  both  microscopic  and  chemical  evidence,  therefore, 
it  is  most  probable  that  the  rock  was  originally  a  serpentine  derived 
from  some  variety  of  a  peridotite.  s  - 

The  nature  of  the  black  ground  is  difficult  to  determine,  but 
it  consists  largely  of  brownish  and  blackish  chlorite  often  so  minutely 
fibrous  as  to  resemble  an  aggregate  of  microlites.  The  colour 
was  suspected  of  being  in  part  due  to  carbon  and  the  analysis  of 
the  rock  confirms  the  suspicion.  At  times,  all  trace  of  the  pseudo- 
morphs is  lost,  and  the  rock  consists  entirely  of  a  minute  scaly 
mass  of  talc.  At  times,  granular  carbonate  occurs  in  aggregates 
or  strings,  and  not  infrequently,  strings,  veinlets  and  pa.tches  of 
yellowish  scaly  fibrous  material  traverse  the  rock  and  the  slides, 
material  that  is  referable  to  a  mixture  of  talc  and  chlorite.  Some 
ilmenite  in  small  grains  is  also  present  as  shown  by  the  analysis, 
though  neither  ilmenite  nor  rutile  could  be  identified  on  account 
of  the  general  opacity  of  the  slides.  .   .  s 

The  contact  of  the  rock  with  the  dolerite  has  already  been 
described. 
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Fig.  82. 


Photo  :  R.  A.  F.  Neg.  1225. 

Microphotograph  [.iV,]. — A  view  of  the  junction  between  the 
dolerite  and  the  black  schist.  The  former  is  a  porphyritic 
andesitic  facies,  and  the  junction  is  marlced  by  a  black 
band  probably  of  graphitic  material. 


The  Black  Talc-Chlorite- Carbonate  Rocks. 

Tliese  are  greenish-black,  soft,  brittle,  talcose  rocks  frequently 
sheared,  though  sometimes  massive,  with  small  euhedra  of  mag- 
nesian  carbonp.te.  In  some  specimens  there  are  large  patches  of 
a  pale-green  carbonate,  and  in  others,  occasional  rounded  aphanitic 
black  chloritic  forms  which  resemble  black  vesicular  fillings. 
Tyj)ical  specimens  are  499c  [sir]  and  492c  [swz]  from  the  main 
shaft  of  the  Macquarie  Lease. 

The  former,  [ssi],  in  section,  consists  of  numerous  small  white 
rounded  forms,  made  up  of  talc  scales,  surrounded  by  a  yellowish 
green  ground  of  chloritic  scales  and  scaly  aggregates  occasionally 
almost  isotr()])ic.  The  talc  forms  are  of  various  shapes,  rounded, 
partly  Hharjj-c^dgcd  with  almost  crystalUno  boundaries,  frequently 
cracked  with  cthloritic  scales  along  the  cracks,  zoiu^d  by  yellowish 
(;liloritic  material,  and,  in  some  cases,  with  the  middle  occupied 
l)y  chlorite;  and  with  scaly  talc  on  the  outside.  At  times,  the  round 
talc  forms  K(H'm  poccilit  ically  (MU^loscd  in  tl\c  cliloi'ite.    (Fig.  83). 

The  mineral  C()m])()Hiti{)n  and  structure  of  the  rock  in  section 
])ro\  (!  it  to  be  with  little  doubt  derivinl  from  a!i  olivine-peridotite 
in  whic-h  the  oliviiK;  grains  liave  be(Mi  altc^nnl  to  talc,  and  the  ferro- 
magiicsian  to  chl()rit(^  TIk;  lai-go,  rounded,  black  ])atchcs,  how- 
ever, an;  diCdciill  to  account  for.    These,  in  s(H',tion,  arc  of  various 


265 


shapes  and  composed  of  yellowish  minutely  scaly  chlorite  often 
with  a  rim  of  carbonate  or  talc.  At  first  they  were  regarded  as 
chlorite  infiUings  of  vesicles,  but  the  structure  of  the  rock  is  not 
that  of  a  vesicular  type,  and,  though  serpentines  are  known  to  be 
derived  in  some  cases  from  eruptive  rocks,  the  structure  is  not 
by  any  means  that  of  an  eruptive.  Their  occurrence  suggests 
either  the  presence  of  original  large  crystals  now  comj^letely  broken 
down  into  chlorite,  carbonate,  talc,  or  a  mixture  of  these,  or  differ- 
ential alterations  of  portions  of  the  rock  mass. 


Fig.  83. 


Photo  :  R.  A.  F.  Ncg.  1233. 

Microphotograph  [J,,.]- — The  darker  areas  are  of  fibrous  ser" 
pentinous  chlorite,  the  lighter  areas  of  pearly  talc  scales. 


A  large  number  of  specimens  referred  to  this  group,  show 
considerable  variation  in  character.  Some  are  without  the  aphan- 
itic  black  patches  and  consist  of  a  pale-greenish,  fine,  scaly,  talc- 
chlorite  mass,  in  which  occur  numerous  euhedra  of  carbonate, 
scattered  strings,  rods,  and  loose  aggregates  of  rutile  needles  and 
grains  (Fig.  84).  Others  consist  of  a  mass  of  talc  scales  with  granular 
carbonate,  sometimes  with  apparent  columnar  carbonated  pseudo- 
morphs  and  ragged  pale-green  chloritic  patches  with  '  blue '  inter- 
ference colour,  and  with  columnar  platy  and  rounded  talc  forms 
as  in  [she].  The  pale-green,  soft,  chloritic-talcose  rock  extending 
from  south  of  Savage's  workings  to  the  Well  of  the  Government 
Battery  is  considered  a  variety  of  the  Black  Talc-Chlorite-Car- 
bonate  Rocks  {see  Plate  4). 
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Certain  extremely  weathered  rocks  mostly  of  doubtful  origin, 
have  been  included  in  the  group.  Among  these  are  rocks  such  as 
[■^ir]  from  the  Reward  Lease,  New  Orleans  Group,  Shaft  7.  They 
are  yellow-green  clayey  rocks  with  numerous  small  irregular  patches 
of  aphanitic  material  in  an  apparently  finely  fibrous  mass.  Since 
in  external  appearance  they  rather  resemble  breccias,  they  have 
been  referred  to  in  the  description  of  the  Mines  as  '  Pseudo-breccias.' 
Owing  to  the  decomposed  nature  of  [g^^],  it  has  been  found  ex- 
tremely difficult  to  obtain  sections  of  any  va-lue,  but  by  special 
treatment  of  the  rock  with  balsam,  the  difficulties  were  to  a  certain 
extent  overcome.  Sections  prepared  in  this  manner  show  the 
rock  to  consist  of  yellowish  scaly  chlorite  enclosing  long  columnar 


chloritic  forms  which,  in  a  general  way,  resemble  the  felspar  cohnuns 
of  dolerites,  but  from  which  the  optical  characters  of  fels})ar  are 
absent.  Enclosed  also  are  large  fine  scaly  ])atchos  of  chlorite, 
which  r('])reserit  the  aphanitic  fragmental  or  xoiiolithic  forms. 

The  origin  of  the  rock  is  obscure.  Certainly  the  yellowish 
ground  with  the  chloritised  columnar  forms  rosombles  that  of  a 
highly  weathered  chloritised  dolerite,  and  in  IMate  4,  the  rock  is 
H(!en  to  bo  iti  (^Ioho  ])roximity  to  tlu^  FU^'ked  Schist  which,  as  already 
Htati^l,  is  11  chloritised  ])()r])h yi  il  ic  (l()lerit(\  On  the  other  hand, 
the  a])p('araric(;  of  houk;  sections  rt^seinbles  that  of  rocks  to  which  a 
])('rj(lotitic  origin  is  aH(!ril)able,  r.f/.  f^,^,,)!  whi(!h  will  bo  described 
iiruiicdiii-tcly,  and  the  lai'gc  ii-fcgii li-.r  chl(>i'iti(r  ])atch(>s  are  scarcely 
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such  as  would  be  expected  in  a  dolerite  even  much  decomposed, 
while  they  to  some  extent  resemble  the  black  patches  in  such  rocks 
as  499c. 

Though  the  rocks  however,  have  been  included  amongst  those 
of  peridotitic  origin,  what  little  evidence  they  afford  is  equally 
indicative  of  an  origin  from  doleritic  rocks.  The  large  xenolithic 
patches  may  have  been  the  result  of  differential  weathering  of 
the  constituents  of  the  original  rock  due  to  slight  difference  in 
chemical  comj^osition — and  hence  they  may  have  been  large  ferro- 
magnesian  crj'stals — or  they  may  represent  vesicles,  though  their 
apiDearance  in  section  hardly  supports  an  origin  from  vesicles. 
It  is  noticeable  that  in  the  chloritic  ground  there  are  many  small 
chloritic  areas  closely  resembling  the  larger  patches,  and  it  is  pos- 
sible that  there  is  a  connection  between  these  rocks  and  rocks  such 
as  [ah]  and  [sh]. 

Again,  another  much  weathered  rock  included  in  the  group 
is  that  represented  by  [20-5]  from  the  Gwalia  Extended  Leases, 
Shaft  C.  This  is  a  very  decomj)osed,  massive,  dull  greyish-green 
rock  in  which  numerous  small  greenish-black  fragmental  chlor- 
itic forms  can  easily  be  distinguished.  All  specimens  obtained 
show  a  large  development  of  yellowish  carbonate  in  small  crj^stals. 

In  Section  [2^]  consists  of  a  mass  of  ragged,  platy,  talcose 
and  pale-green  chloritic  forms  with  crystals  of  a  carbonate  in  the 
chlorite  patches,  and  aggregates  of  carbonate  in  various  parts  of 
the  slide.  Associated  with  some  of  the  talc  and  chlorite  aggregates 
and  plates  are  small  aggregates  and  strings  of  brown-yellow  rutile 
needles  and  grains.  Occasionally  there  are  ragged  large  patches 
of  nearly  isotropic,  fine  scaly  chlorite,  which  form  the  fragments 
visible  in  hand  specimens.  In  the  talcose  areas  are  grains  and 
granular  aggregates  of  black  iron  ore.  Traces  of  original  structure 
are  almost  wholly  absent,  but  as  the  structure  is  platy  and  the 
composition  obviously  basic  and  highly  magnesian,  the  rock  has 
been  considered  as  originally  of  peridotitic  origin.  The  chloritic 
'  fragments  '  which  give  the  rock  a  tufaceous  appearance  may 
have  the  same  origin  as  those  [2^1^- 

From  the  Queen  of  the  Hill  Leases,  again,  Shaft  B,  105ft. 
Level,  an  extremely  weathered  grayish-green  rock  of  nondescript 
appearance,  represented  by  [y^q]'  been  obtained.  After  much 
difficulty,  and  only  after  treatment  with  balsam  was  a  section  cut 
from  it.  This  showed  the  rock  to  consist  of  rounded  white  or 
greenish-white  forms  with  the  interior  occupied  by  granular  iron 
ore,  and  yellow-green  patches,  columnar  forms  and  squarish  plates 
of  chlorite  and  large,  irregular  jjatches  of  a  yellow-green  fine  scaly 
mixture  of  talc  and  chlorite,  resembling,  except  for  the  presence 
of  talc,  the  areas  in  [3 or]  some  extent,  the  chloritic  forms 

in  [six].  The  structure  is  doubtful,  but  appears  to  be  platy  or 
granular,  and  similar  to  that  of  [205]-  Moreover,  there  are  ragged 
flakes  charged  with  rutile  grains  and  needles  as  in  [2 J 5].  The 
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origin  of  the  rock  is  indefinite,  but  there  is  evidence  in  its  structure 
and  probable  composition  for  regarding  it  as  an  altered  peridotite 
or  serpentine.    It  is  now  apparently  a  chloritic  talcose  serpentine. 

Finally,  in  the  Marmont  G.M.,  145ft.  Level,  end  of  west  cross- 
cut at  the  south  end  of  the  Mine,  some  brownish-gray  clayey  rocks 
represented  by  Id — 4cZ  [sis],  were  discovered.  These  are  character- 
ised by  the  presence  of  numerous  deep-green  rounded  aphanitic, 
chloritic  forms  and  numerous  small  brownish- yellow  crystals  of  a 
carbonate  in  a  soft  talcose- chloritic  ground  or  mass.  Being  little 
better  than  clays,  they  are  extremely  difficult  to  section,  but  the 
sections  prepared  show  small  ovoid  or  rounded  talcose  forms, 
surrounded  by  a  brownish-red  or  yellow- stained  chloritic  mass, 
which,  in  very  thin  sections,  is  seen  to  be  made  up  of  minute  scaly 
chlorite.  There  are,  also,  occasional  euhedra  and  grains  of  a  car- 
bonate partially  oxidised  to  ferric  oxide.  Moreover,  there  are 
numerous  scaly,  greenish  forms  rounded  and  bluntly  angular, 
which  appear  as  xenoliths,  but  are  composed  of  minute,  scaly  and 
fibrous  greenish  chlorite.  As  in  the  case  of  other  pseudo-fragmental 
rocks,  there  were  at  first  supposed  to  be  a  tuff,  xenolithic  or  vesicular 
rock,  but  the  little  that  can  be  made  of  the  composition  and  struc- 
ture agrees  more  closely  with  a  fine-grained  talc-chlorite-carbonate 
serpentine.  In  some  sections,  there  are  occasional  clear  secondary 
felspar  forms  as  in  421c  [si^],  while  in  others,  the  fine  scaly  xeno- 
lithic forms  appear  to  pass  into  similar  small  ones  in  the  ground. 

(d.)    Flecked  Chlorite-Carhonate  Rocks. 

These  rocks,  so  far  as  can  be  discovered,  are  developed  onlj^ 
in  the  Commodore  Mine.  In  the  mass,  they  are  grayish-green,  highly 
sheared  with  marked  flecks  of  greenish-black  chlorite  on  the  shear 
surfaces,  and  heavily  carbonated  as  shown  by  numerous  small, 
brown-red  crystals  of  a  ferriferous  species.  The  rocks  are  typically 
represented  by  [244]  and  [xJ-g].  [204]'  ^^^^  ^^e  Commodore  No. 
3  Level,  north  end  of  drive  on  the  West  Lode,  consists  in  section, 
and  in  ordinary  light,  of  a  pale-green  chloritic  mass  in  which  are 
ragged  plates  of  carbonate  in  some  cases  unaltered,  in  others  par- 
tially altered  to  a  brownish  or  yellowish  oxide  of  iron,  and  occasional 
ragged  grains  of  black  iron  ore.  A  few  rounded  colourless  plates 
occur  in  the  chloritic  patches,  and  the  latter  also  enclose  ininute 
grains  and  needles  of  brown-yellow  rutile.  In  ])(>larizcd  light,  the 
slides  show  large  ragged  plates  of  carbonate,  and  ragged  i)atches 
of  nearly  isotropic  chlorite  in  a  groiuid  which  consists  of  small 
ragged  plates  and  indistinct  snuJI  columns  of  a  colourless  mineral 
interHj)ersed  and  int(!rru])te(l  hy  is()tr()])ic  chlorite  scales.  The 
col(jurloHs  ])lates  arc  difficult  to  identify,  but  undoubtedly  appear 
to  be  ])artially  conipoH(;d  of  f(5ls])ar.  Occasional  indistinct,  (;ohnn- 
nai',  partially  ('hl()ritiK(!d  cohinins  api)ear  closely  resembling 
(toiuinnar  fcslspars,  and  in  sov(;ral  instances  there  is  a  suggc^stion 
of  albile  laniollalion  in  tlx;  forms.    The  general  appearance  of  the 
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ground  is  that  of  short  cohimns  or  laths  of  felspar  broken  down 
into  small  plates,  and  partially  obscured  by  small  scales  of  nearly 
isotropic  chlorite.  In  some  cases,  apparently,  the  lamellation  is 
caused  by  strings  of  isotropic  chlorite  alternating  with  colourless 
rods.  Enclosed  in  the  ragged  chloritic  patches  or  flakes,  are 
rounded,  colourless  plates,  generally  broken  down  into  a  mosaic, 
of  which  quartz  appears  to  be  the  main  constituent.  Allowing  for 
the  disintegration  of  the  felspathic  laths,  the  appearance  presented 
by  the  chloritic  patches  and  the  ground  strongly  suggests  the 
the  structure  of  the  Flecked  Schists  [yjy].  An  analysis  of  [244]' 
made  in  the  Survey  Laboratory' ,  gave  these  results  : — 

SiOa    36-75 

AI2O3   21-05* 

FeaOg   1-25 

FeO    7-60 

MgO    8-82 

CaO    6-88 

NagO    0-25 

K2O    0-08 

H2O  +   6-98 

H2O    0-32 

TiO.^    0-11 

CO2    10-48 

Total    100-57 

*  Includes  P2O5  and  MnO.    Analyst,  H.  Bowley. 

Especially^  worthy  of  note  in  the  analysis  is  the  extremely 
high  percentage  of  AI2O3.  The  very  low  percentage  of  alkalies 
indicates  that  the  alumina  can  be  present  only  in  very  small  amount 
as  a  felspar.  Undoubtedly  there  is  a  considerable  amount  of 
chlorite  in  the  sections,  but  it  is  doubtful  whether  the  chlorite  and 
albite  combined  are  sufficient  to  account  for  such  a  high  percentage 
of  alumina.  No  aluminous  silicate,  however,  other  than  those 
noted,  could  be  identified  in  the  sections  examined. 

[lie]  from  the  No.  4  Level,  north  end  of  the  same  mine,  is 
essentially  the  same  as  [gj^]'  is  dark-gray  in  colour  and  more 
heavily  carbonated. 

The  origin  of  these  rocks  is  again  obscure.  The  resemblance 
between  their  structure  and  composition  to  those  of  the  Flecked 
Schists  has  just  previously  been  noted.  Further,  from  their  basic 
nature,  a  derivation  from  a  peridotitic  facies  is  possible.  The 
extremely  high  percentage  of  alumina,  however,  would  be  pheno- 
menal in  rocks  which  are  typically  characterised  by  a  very  low 
percentage  of  this  constituent.  Furthermore,  the  amount  of 
magnesia  present  is  extremely  low  for  such  rocks.  Owing  to  the 
extreme  degree  of  chemical  and  dynamical  altera-tion  of  the  rocks, 
evidence  of  their  origin  is  very  meagre,  but  both  in  structure  and 
composition  they  appear  more  closely  allied  to  the  Flecked  Schists 
[igy],  than  to  any  other  type. 
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(e.)  The  Fuchsite-Quartz-Carbonate  Rocks  : — 

The  detailed  distribution  of  these  rocks  will  best  be  under- 
stood b}^  reference  to  Plate  4.  Broadly  speaking,  however,  they  have 
been  obtained  in  the  following  localities  : 

In  the  Commodore  Mine,  the  Flecked  Carbonate- Chlorite  rocks 
appear  to  pass  into  highly  carbonated  rocks  characterised  by  the 
presence  of  small  emerald-green  scaly  patches.  In  the  curving 
belt  mapiDed  from  the  Commodore  to  the  north  end  of  the  Ingliston 
United  Lease,  rocks  have  been  mapped  which,  though  much 
weathered,  have  certain  similarities  with  the  emerald  green  car- 
bonates from  other  mines. 

Relatively  small  patches  have  been  discovered  bordering  on 
the  porphyry  in  the  Ingliston  Extended  workings,  in  the  Ingliston 
Consols  and  in  the  Fenian  Mines.  A  large  belt  has  been  mapped, 
though  mostly  again  on  weathered  specimens,  extending  from  the 
latter  to  the  south  end  of  the  Paddy's  Flat  Belt. 

Finalty,  fuchsitic  carbonate  rocks  occur  at  the  Globe. 

With  the  doubtful  exception  of  the  Commodore  Mine,  in  all 
the  localities  the  relationship  of  the  rocks  to  the  surrounding 
country  is  indistinct,  and  even  in  the  Commodore,  the  passage  of 
the  Flecked  Carbonate- chlorite  rocks  into  the  Fuchsite  carbonate 
rocks  is  by  no  means  clear. 

The  chief  characters  of  the  typical  fuchsitic  rocks  have  already 
been  described  in  a  previous  Bulletin^  so  that  only  a  brief  account 
need  be  given  here.  In  hand  specimens,  they  are  crystalline  carbonate 
rocks  generally  of  medium  grain  and  of  an  emerald-green  colour, 
often  with  veinlets  of  quartz  or  of  a  magnesian  carbonate.  There 
are,  however,  variations  in  grain  and  colour.  Some  varieties  are 
very  coarsely  grained,  others  have  comparatively  little  fuchsite 
present  and  are  of  a  gray  colour.  In  some,  the  crystalline  carbonate 
appears  of  a  yellow  colour  indicating  a  ferriferous  species.  Typical 
specimens  in  section  are  fine  granular,  extremely  carbonated  rocks 
with  the  carbonate  in  numerous  small  plates,  with  many  mostly 
colourless  flakes  and  scaly  aggregates  of  pale  green  fuchsitic  mica. 
There  are  frequently  veinlets  of  fluidal  quartz  and  albite,  while 
all  over  the  sections  are  small  acicular  and  opaque  granular  aggre- 
gates, yellow  by  incident  light  and  i)assing  at  the  margins  into 
needles  of  brown-yollow  rutile.  In  some  cases,  there  are  black 
granules  in  the  fuchsitic  areas,  which  may  be  chromite,  though  it 
is  ini])()ssiblo  to  identify  thorn. 

OllKJrN    OF    Til  10  K()(M\S. 

In  a  I )r(!\  i()us  publical  ion,  the  wi'ilcr  has  discussed  this  difhcult 
c|U0Hti()n,  and,  though  basing  his  i-cinarks  on  the  exaniiiuition  of  a 
very  few    H])ocirn()nH  and  on  observations  in  the  mines  of  very 

I.  Hiillcliii  i:!,  (l.S.W.A. 
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limited  duration,  came  to  the  conclusion  that  they  were  probably 
derived  from  rocks  of  peridotitic  character.  For  the  present 
survey,  considerably  more  careful  and  extensive  field  observations 
have  been  made,  and  a  greater  number  cf  specimens  have  been 
examined,  but  little  additional  evidence  of  a  decisive  nature  has 
come  to  light.  Some  specimens,  however,  with  characters  rather 
different  from  the  normal  green  rock  have  been  discovered,  and,  from 
the  point  of  view  of  the  origin  of  the  rocks,  these  merit  brief  descrip- 
tion, [jij]  from  the  No.  4  Level,  Commodore  Mine,  near  the  north 
end,  both  in  hand  specimens  and  in  sections  closely  resembles 
[yje^]  which  is  included  r.mongst  the  Flecked  Chlorite- Carbonate 
rocks.  It  is  fuchsitic,  sheared,  and  slightly  flecked,  and  char- 
acterised again  by  small  opaque  granular  aggregates,  yellowish  by 
incident  light,  which  give  rise  to  minute  needles  of  rutile.  [gir]' 
66d  also  closely  resembles  [ j^g].    In  it  there  are  large  ragged  flakes 


Fig.  85. 


•  Photo  :  R.  A.  F.  Ncg.  1226.  ■ 

Microphotograph   [,,'-;]. — Showing  the   minutely  platy,  largely 

felspathic  mass  in  which  are  plates  of  carbonate  and 

irregular  areas  of  isotropic  chlorite. 


of  nearly  isotropic  chlorite  and  large  plates  of  carbonate  in  a  fine- 
grained groimd  consisting  of  minute  clear  plates  and  indistinct 
partially  disintegrated  laths  of  felspar.  (Fig.  85).  This  passes 
into  a  variety  in  which*"  irregular  platy  carbonate  is  ])redominant 
with  small  areas  of  quartz  mosaic  and'small  plates  of  cjuartz.  The 
chloritic  flakes  are  charged  with  minute  needles  of  rutile,  and  both 


2'72 


the  carbonate  and  chlorite,  and  the  fine-grained  ground  are  scattered 
over  with  small  opaque  granular  aggregates  as  in  [xJy].  [3:^2] 
is  very  similar  to  [sos].  On  the  other  hand,  336c,  which  is  a 
crystalline  limestone  with  fuchsite  and  yellowish  ferriferous  car- 
bonate, somewhat  resembles  the  Talc- Chlorite- Carbonate  rocks, 
e.g.,  [j^-Ff\,  that  have  probably  been  derived  from  serpentines  or 
peridotites.  Moreover,  it  is  worthy  of  note  tha,t,  in  the  Yukon 
District  of  Canada  1,  east  of  the  Big  Salmon  River,  fuchsite  scales 
with  quartz  and  chromite  grains  have  been  found  a,ssociated  with 
magnesite  that  has  j^robably  been  derived  from  peridotitic  rocks^, 
and  at  the  mouth  of  the  Hunter  Creek,  Klondike  River,  in  the  same 
district,  fuchsite  scales  are  associated  with  white  dolomite"^ 

The  Fuchsite- Quartz- Carbonate  rocks,  therefore,  are  closely 
akin,  on  the  one  hand,  to  the  Flecked  Chlorite- Carbonate  rocks,  and, 
on  the  other,  to  the  Talc-Chlorite-Carbonate  rocks,  to  which  a 
peridotitic  origin  has  been  assigned.  Owing  to  the  extreme  chemical 
pJteration,  however,  of  the  rocks,  and  the  obscurity  of  their  field 
relations,  evidence  of  their  origin  is  still  very  meagre  and  inconclusive ; 
but  there  is  reason  for  regarding  them  as  more  probably  derived 
from  the  original  of  the  Flecked  Carbonate- Chlorite  Group  than  from 
rocks  more  clearly  of  peridotitic  origin.  The  fact  that  in  many 
cases  the  fuchsite  appears  more  strongly  developed  along  cracks, 
joints,  and  near  the  mp^rgins  of  the  rocks,  and  that  some  varieties 
contain  very  little  fuchsite,  suggests  that  the  chromium  content 
may  not  be  original,  but  may  have  been  introduced  by  solutions, 
and  hence,  by  eliminating  the  necessity  for  explaining  the  presence 
of  chromium  by  the  chemical  alteration  of  chromite  in  the  rocks, 
renders  a  derivation  from  the  original  form  of  the  Flecked  Carbonate 
rocks  less  unlikely. 

B. — Volcanic  or  Eruptive  in  Origin. 

Immefliately  east  and  south-east  of  the  Paddy's  Flat  Belt,  ex- 
lending  in  a  narrow  band  from  near  the  Globe  G.M.  to  the  neigh- 
bourhood of  the  Maequarie  Lease,  a  generally  well-marked  series  of 
a  distinct  volcanic  character  is  found  outcroi)])ing.  As  with  other 
series,  however,  owing  to  tlie  occurrence  of  the  rocks  only  as  out- 
ci'ops  and  mostly,  if  not  wiioUy,  on  a  fairly  flat  surface  that  has 
l)een  generally  Aery  considerably  weathered,  and  lhal  is  frecjuently 
covered  with  several  feet  of  overburden,  it  has  been  round  impos- 
sible to  maj)  the  boundaries  of  tlie  rocks,  or  to  do  olherwise  than 
merely  indicate  their  ])osilion.  Conseriuently,  though  in  the  \()1- 
canic  series,  as  will  be  seen  later,  several  ty|)es  and  varieties  are 
lepiesented  tliese  lia\e  all  been  grouped  together  and  indicated  by 
the  same  coloin"  and  symbol. 

1.  KuZe  "  A  List  of  C.iiiadiau  MiiKM-iil  <)ccurroiic»!S,  l.y  K.  A.  A.  Jolnisloii  ;  C.S.C, 
No.  (.1,  (i()..l<)Ki<-al  S(!rioH,  p.  DK. 

2.  Loc.  oil.,  p.  !t!». 
lioc.  cit.,  p.  !)!t. 
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Briefly,  the  series  has  been  found  to  consist  of  volcanic  ag- 
glomerates or  tuffs,  crv^stal-tuffs,  and  volcanic  flows,  which  comprise 
augite-andesitic  rocks,  and  very  fine-grained  weathered  basaltic 
rocks,  exhibiting  in  some  specimens  small  spheroids  that  probably 
indicate  a  vesicular  structure.  Some  doubtful  extremely  weathered 
rocks  liave  also  been  included  in  the  series. 

The  Tuff's  or  Agglomerates,  and  Crgstal  Tuffs. 

The  former  are  dark  green  in  colour  and  consist  of  an  agglom- 
eration of  numerous  more  or  less  equi-dimensional  rounded  and 
angular  aphanitic  fragments  usually  about  1/4  i^^^^  %  inch 
across.  On  a  fresh  fracture,  there  is  not  the  uneven  surface  of 
many  bi'eccias  and  conglomerates,  due  to  the  component  forms  pro- 
jecting from  the  surface,  but  a  roughly  plane  pavement  in  which 
the  fragments  give  a  mosaic  appearance.  Specimens  of  this  nature 
grade  into  rocks  to  which  the  name  crystal  tuffs  has  been  ascribed. 
The  latter,  whicli  are  mostly  very  dark  gray  or  nearly  black  in 
colour,  and  so  fine-grained  as  to  appear  flinty,  consist  to  the  naked 
eye  of  lenticular,  triangular,  and  irregularly  outlined  patches, 
differing  somewhat  in  tint,  in  a  flinty  ground,  in  which  at  times  a 
considerable  number  of  small,  squarish  and  rectangular  crystals  of 
a  white  felsjiar  are  \'isible.  Some  specimens  are  light-gray  in 
colour  with  the  fragmental  forms  very  indistinct.  The  enclosed 
fragments  in  general  are  finer  in  \gTain  and  more  flinty  than  the 
ground,  and  in  some  instances  are  light  gray  or  brown  in  tone  and 
quite  an  inch  across.  There  are  occasional  lenticular  vesicular 
patches  with  a  white  flinty  border  enclosing  quartz. 

(a)  The  Tuffs. 

The  microscopic  character  of  the  more  fragmental  rocks  or 
those  that  have  been  called  the  Tuffs  is  illustrated  by  [11205]  from 
20  chains  E.  of  G.M.L.  888n,  Mickey  Doolan.  This,  in  section 
consists  of  numerous  large  and  small  irregularly  banded  platy 
forms  of  pinkisli  and  opaque-gray  isotroj)ic  glassy  material,  witli 
frequent  pale-.green  })lates  of  various  shai)es,  which,  from  the  blue 
interference  colours  in  polarised  light,  are  at  least  in  part,  a  chlo- 
rite, though  in  some  forms,  wholly  isotropic,  probably  a  glass.  Tlie 
sf)aces  between  the  larger  plates  are  occupied  by  smaller  simi- 
larly shaped  forms,  amongst  which  are  also  small  plates  and 
grains  of  a  carbonate  (calcife).  Decomposition  in  many  of  these 
larger  glassy  forms  has  resulted  in  the  production  of  small  patches 
of  isotropic  chlorite,  some  granular  carbonate,  and,  associated  with 
the  chlorite,  numerous  small  grains  of  epidote.  A  few  of  the  larger 
glass  fragments  are  now  represented  wholly  by  granular  carbonate 
and  intermixed  isotropic  glassy  patches;  others  show  an  approach 
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to  a  mierolitic  structure,  having'  rare  small  phenocrystal  laths  of 
felspar  in  a  minutely  mierolitic  ground-mass;  some  consist,  wholly 
or  in  part,  of  a  mass  of  minute  highly  birefringent  granules  re- 
ferred to  epidote,  and  otherS;  again,  are  either  quite  aphanitic, 
opaque  and  dense  white  by  incident  light,  or  consist  of  crypto- 
crystalline  almost  isotropic  flinty  material.  There  are,  further, 
rare  crystals  of  fresh,  colourless  and  pinkish  augite  and  of  un- 
twinned  felspar.  In  some  of  the  brown  glass  fragments  there  is 
an  indistinct  streaky  structure.  The  cementing  material,  of  wliich 
there  is,  however,  very  little,  is  calcite. 

One  of  the  most  noteworthy  and  important  features  is  the  fact 
that,  in  addition  to  the  glassy  and  chloritic  forms,  there  are  occa- 
sional fragments  of  fresh  rocks.  These  have  been  found  to  con- 
sist : — 

(a)  Of  gTanular,  fresh,  pinkish-gray  augite  with  somewhat  ob- 

scure laths  of  felspar  and  with  indistinct  ophitic  struc- 
ture. 

(b)  Of  augite  grains   and   felspar   laths   vv'ith   clear  o]ihitic 

structure.  These  fragments  closely  resemble  [3^4] in 
structure. 

(c)  Of  fragments  similar  to  the  above  in  wliicli,  however,  a 

decidedly  fibrous  character  has  been  induced  in  the 
ferro-magnesian.  The  fibrosity  subsists  sometimes  all 
through  the  fragment,  sometimes  only  on  the  margins 
in  contact  with  tlie  glassy  forms,  the  interior  still  con- 
sisting of  granular  augite. 

(d)  Of  fragments  in  which  the  ferro-magnesian  is  so  intensely 

fibrous  as  to  ally  them  with  such  forms  already  described 
in  [aid  and  [3^2]. 

(e)  Of  gTanular  grayish-pink  augite  in  an  apparently  glassy 

mass,  in  which  some  o!)scure  small  lallis  of  felspar  can 
also  be  seen  as  well  as  small  plates  of  (piavtz. 

The  significance  of  these  rock  enclosures  is  thai  from  a  study 
of  tliem  it  would  appear  that  while  the  age  of  the  tuffs  cannot  yet 
he  arriv(Hl  at  with  any  degree  of  accuracy,  their  formation  at  any 
rate  post-dates  the  soliclification  and  libration  of  such  doleriles  as 
[  I  and  of  the  fine-<rniined  ainphi))olit(^s  of  tlie  tyj)0  of  |  ..^Jsl- 
Moreover  the  complete  absence  oi'  any  black  IVagmenls  resembling 
the  inglislon  Extended  dolei-ile,  in  con.j  unci  ion  with  I  he  lad  that 
the  si  cud  ufc  of  the  cndoscd  dolei-ilic  IVaguicnIs  agrees  I'jilhcr  ui(>i\> 
closely  with  tlia,t ol"  such  rocks  as  |  y:V,,  i  J»'i»d  f.^J,^  1  lends  lo  show 
that  the  intrusion  of  this  dyke  itself  i)ost-dates  the  formation  of  the 
luffs. 
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All  analysis  of  the  agglomerate  [11205]  made  in  the  Survey 
Laooratory  gave  these  results:  — 


SiO.,    45.56 

AL63    19.95* 

re..03   2.40 

Feb    10.61 

MgO   1.74 

CaO   7.59 

Xa.,0   1.72 

K..0   2.16 

H.,0  —   11 

H,0  +   4.49 

TiO,   69 

CO,  ..        ..   2.82 

C  . .        . .        .  .        . .        .  .  trace  f 

Total    99.84 


8p.  gr.  2.87.       Analyst,  H.  Bowley. 

Interesting  features  of  this  analysis  are  the  large  percentage 
of  alumina  and  the  apparent  excess  of  potash  over  soda  among  the 


Fig.  86. 


Photo:  R.  A.  F.  Neg.  1232. 


Micropho  tograph  [,,',,,]. — Exhibits  an  andesitic  fragment  in  an 
almost  isotropic  mass  witli  occasional  felspar  phenocrysts. 

alkalies.  Jn  chemical  composition,  then,  as  in  mineral  constitution, 
tlip  rock  is  a  distinctly  hasic  facies  and  appears  more  closely  related 
to  basaltic  than  to  andesitic  agglomerates. 


*  Includes  MnO  and  P,0-, 


t  Probably  as  graphite. 
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(b)  The  Crystal  Agglomerates  or  Crystal  Tuffs. 

The  specimens  described  under  this  head  seera  to  be  inter- 
mediate between  the  agglomerates  proper  and  a  glassy  porphyritic 
rock.  The  various  fragments  decidedly  resemble  xenoliths  in  a 
fine-grained  ground,  and  indeed,  in  origin  they  are  not  markedW 
different  from  these  enclosures  in  igneous  rocks.  The  chief 
characters  are  exhibited  in  [2^3]  from  about  half  a  mile  south  of 
the  Gwalia  Extended  shafts  (Fig.  86).  Under  the  microscope, 
there  is  a  porphyritic  matrix  or  ground  containing  numerous  frag- 
ments of  various  character.  This  ground  is  made  up  of  occasional 
rather  small  columnar  and  squarish  phenocrysts  of  cloudy  felspar 
in  an  almost  isotropic  cryptocrystalline  glassy  mass.  Enclosed  in 
the  latter,  in  addition  to  the  felspars  are  the  xenolithic  fragments. 
These  are  both  large  and  small  and  of  the  following  types:— 

(a)  Partially   chloritic,  wholly  isotropic   ragged   glassy  frag- 

ments with  scattered  small  aggregates  of  ej^idote  grains 
and  a  streaky  structure. 

(b)  Angular  fragments   of   opaque   gray   material   which  in 

polarised  light  consists  of  a  felt  of  thin  laths  of  felspar 
with  distinct  flow  arrangement  of  the  laths.  These 
closely  resemble  fragments  of  trachytic  andesite. 

(c)  Fragments  very  similar  to  the  above  but  with  the  laths 

fewer  in  number  and  broader,  and  with  the  structure 
less  dense.  There  are  small,  clear  platy  forms  in  addi- 
tion to  the  laths. 

(d)  Otliers  somewhat  similar  to  (c),  but  with  the  felspar  lath.s 

forming  a  plexus.  As  in  (c),  felspar  laths  form  almost 
the  whole  of  the  fragment. 

(e)  Otliers  ellipsoidal  in  shay:>e,  almost  wholly   isotropic  with 

obscure  remains  of  felsjiar  laths,  and  containing  o])aque, 
gray,  granular,  rounded  plates  which  in  ]K^larised  light 
resemble  turbid  felspars. 

(f)  Isotropic  lenticular  ])atches  of  green  chlorite. 

(g)  Various  irregular  glassy  fragments  almost  quite  isotropic, 

with  enclosed  small  ])atches  of  green  chlorite,  and  ob- 
scurely microlitic. 
(li)  Various  irregular  streaks  resembling  "sclilieren,"  with 
marked  flow  arrangement  of  small  laths  of  felsi)a]-,  and 
with  disseminated  gray  gramdar  ei)id()lic  and  zoisitic 
material. 

fi)  Occasional  slightly  chloritised  ci'vslals  of  angite  and  gi-ains 
of  calcilc. 

'The  larucsl  jVaunienI s  show  a  flow  slructui'e  in  niinule  micro- 
litic lalhs  oi'  rdspMi-  Willi  occasional  felspar  phenocrysis,  and,  in 
addilion,  small  lenticular  palches  composed  of  a  plexus  of  felspar 
laths,  which  themselves  appeal'  as  included  fragments. 
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It  will  be  seen,  therefore,  that  these  component  rock  fragments 
differ  more  or  less  from  each  other;  the  prevailing  facies  among 
them  closely  resembles  a  fine-grained  trachytic  andesite. 

Varieties  grading  into  the  augite-andesitic  flow  of  the  succeed- 
ing section  are  represented  by  13d  [g^-gj.  This  is  a  yellowish-grey, 
fine-grained  rock  in  which  fragTQental  structure  is  not  visible.  In 
section,  there  are  numerous  opaque  minutely  grained  glassy  patches 
Avith  obscure  microlitic  structure  and  with  phenocrysts  of  augite  and 
altered  felspar  and  patches  resembling  portions  of  16di  [3 gel 
punctuated  by  small  areas  of  irregular  shape  of  cryptocrystalline 
mosaic.  There  are  also  aggregates  of  small  patches  of  crypto- 
crystalline mosaic  rimmed  by  strings  of  isotropic  material  and  asso- 
ciated with  numerous  plates  and  some  crystals  of  augite.  A  few 
small  thin  lenticular  areas  with  minute  mosaic  round  a  green  string 
of  minute  clilorite  scales  may  represent  vesicles. 

The  Flow  Bocks. 

Though  the  specimens  included  in  this  section  do  not  for 
reasons  already  given  afford  evidence  of  volcanic  origin  in  the  field, 
they  show  characters  in  section  which  warrant  such  an  origin  being 
ascribed  to  them.  Owing,  however,  to  the  much  weathered  state  of 
some  of  the  specimens,  especially  31d,  [g|y]  [3^9]  and  94d,  [gjg] 
to  the  fact  that  only  isolated  outcrops  of  the  rocks  can  be  obtained, 
and  to  the  impossibility  in  practice  of  ascertaining  the  nature  of  the 
country  between  the  various  outcrops,  it  has  not  been  found  possible 
to  trace  their  realation  to  one  another.  It  may,  indeed,  ultimately  be 
found  that  they  are  not  all  of  the  same  origin  or  age,  but  as,  on  the 
evidence  at  present  afforded,  no  clear  division  on  these  bases  can 
be  made,  they  must  be  considered  for  the  time  being  and  until 
fresher  outcrops  are  obtainable  merely  as  a  volcanic  group.  Never- 
theless, from  the  point  of  view  of  structure  and  mineral  composi- 
tion, it  is  possible  to  arrange  the  rocks  under  the  following  heads : — 

(a)  The  augite-andesitic  type  with  flow  structure. 

(b)  Doubtful  varieties  of  (a)  extremely  weathered. 

(c)  The  fine-grained  basaltic  rocks. 

(d)  Other  very  doubtful  dolerite  flows. 

(a)  The  augite-andesitic  flow: 

This  is  typically  represented  by  16d  [gJel'  from  about  1^/4  miles 
S.E.  of  the  S.E.  corner  of  the  Gwalia  Extended  (G.M.L.  872n). 
In  hand  specimens,  the  rock  is  a  very  fine-grained  dull-green  flinty 
facies  with  occasional  small  dull  phenocrysts  of  felspar  and  a  red 
crust.     Sections  are  extremely  dense,  and  hence  somewhat  obscure. 


1.  See  later. 
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but  there  aiv  well-marked  phenoerysts  of  colourless  augite  some- 
times carbonated,  chloritised,  or  epidotised,  and  phenoerysts  of  tur- 
bid felspar,  in  a  fine-grained  gTound-mass  of  innumerable  small  laths 
of  felspar  with  distinct  flow  structure.  The  laths  frequently  curve 
in  gentle  folds  round  the  phenoerysts.  The  ground-mass  is  so  dense 
and  generally  of  such  low  birefringence  as  to  suggest  the  presence 
of  a  residuum  of  glass.  Opaque  yellowish  granular  material  (epi- 
dote  occurs  scattered  all  over  the  ground.  The  structure  of  the 
rock,  more  or  less  trachytic,  is  almost  identical  with  that  of  several 
of  the  included  fragments  in  the  crystal  tuffs  (Fig.  87).    In  places, 


Fig.  87. 


Photo  :  R.  A.  F.  Neg.  1238. 

Microphotograph  [,,',,;].— Showing  phenoerysts  of  augite  in  a 
minute  ground-mass  in  which  flow  structure  is  indistinctly 
visible. 


there  are  rounded  and  very  elongated  i)alches  consisting  of  minutely 
crystalline  mosaic  enclosing  strings  of  pale-green,  nearly  isotropic 
chloritic  material,  which  i)robably  rei)rcsent  vesicles. 

There  is  a  strong  resemblance  between  111205]  and    [ 20'3'i 
the  one  hand,  and  l)et\veen  [2J3]  and  on  the  oilier,  and  there 

seems  little  doubt  of  a  close  connection  botli  in  chemical  and  mineral 
composition  and  time  of  eru])tion  of  all  ihese.  Moreover,  there  is 
reason  for  believing  that  agglomeralic  rocks  not  markedly  diirerent 
from  those  at  Meekatharra  have  a  fairly  wide  distribnl ion  in  (he 
Stale.  As  will  be  seen  later,  fragnienls  similar  lo  ihose  in  [2J3] 
occur  in  the  Infaceous  arkose  of  Mt.  Yagaiiong.  T1um-(-  is  a  close 
r(!S('inhlMn('('  })('t\vet'n  Ihose  fragments  and  Ihose  in  Ihc  inalrix  of  a 


conglomerate  near  Lake  Raeside/  Yilgangi.  Moreover  the  ag- 
glomerate itself  is  in  many  ways  akin  to  the  volcanic  breccia 
[13983]  from  five  miles  south  of  Survey  Station  C.C.  121.=  Finally, 
at  Mt.  Singleton,"  green  tuffs  or  ashes  have  recently  been  discovered 
which  are  not  markedly  different  from  the  Meekatharra  agglomerate. 

(b)  Doubtful  tceathered  varieties  of  (a). 

Certain  extremely  weathered  brick-red  ferruginous  rocks  of 
which  65d  [g^]  is  an  example  present  characters  somewhat  allied 
to  those  of  [g^]  and  they  perhaps  represent  an  extension  of  the 
volcanic  belt.  In  [q^q]  from  the  Macquarrie  G.M.  South  shaft, 
there  are  large  phenocrystal  talcicised  and  sericitised  forms  in  a 
comparatively  coarse  plexus  of  indistinct  felspar  column.  The  talc 
pseudomorphs  probably  represent  phenocrysts  of  augite.  A  large 
amount  of  brownish-yellow  granular  ferruginous  material  obscures 
the  sections,  and  amongst  it  are  grains  which,  being  greyish-white 
in  incident  light,  may  be  leucoxene.  A  little  seemingly  interstitial 
quartz  is  visible  in  places. 

The  rock  has  a  porphyritic  doleritic  structure  that  suggests 
affinities  both  with  fgjgj   and  with  the  Ingliston  Extended  dolerite. 

In  other  specimens,  however,  from  the  Macquarrie,  there  are 
large  circular,  concentric  vesicular  forms  in  a  red,  highly  ferru- 
ginous mass,  while  63d  [gjol  ^^^^  fi'om  the  same  locality,  is  a  fine- 
grained porphyritic  rock  with  a  fine-grained  ground-mass  and  no 
distinct  traces  of  doleritic  structure. 

A  much  weathered  rock,  of  which  25d  [9^]  is  a  specimen, 
occurs  in  a  shaft  on  a  knoll  about  half  a  mile  east  of  the  Fenian 
G.M.  Its  characters  are  inconclusive,  but  since  it  shows  in  section 
traces  of  large  apparently  phenocrystal  forms,  all  highly  ferru- 
ginous, in  a  fine-grained  red  iron-stained  obscure  ground-mass,  it 
has  been,  in  default  of  evidence  of  other  affinities,  included  in  this 
group. 

(c)  The  Fine-grained  Basaltic  Rocks. 

Two  outcrops  of  these  have  been  discovered,  one,  represented 
by  [3^9]  about  a  quarter  of  a  mile  north  of  the  Globe  G.M.  in  a 
small  creek,  and  the  other,  represented  by  90d  [9-^]  and  94d  [q^q] 
from  No.  2  shaft,  about  300  feet  E.S.E.  of  the  Ingliston  Extended 
East  (G.M.L.  462n),  100ft.  level,  middle  of  East  crosscut,  [gig]  is 
a  minutely  grained  yellowish  compact  clay  which,  in  section,  consists 
of  a  ground-mass  of  very  small  rods  of  felspar  separated  by  yellow 
scales  of  chloritic  and  clayey  material  and  some  grains  of  yellow 
epidote.      The  scales  appear  to  have  been  derived  from  augite. 


1,  2,  3.  The  petrology  of  these  outcrops  is  treated  \n  Bulletins  in  course  of  per- 
paration,  den  ling  with  these  areas. 
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The  epiclote  also  occurs  in  veinlets.  Some  minute  opaque  gTay 
gi'anular  aggregates  perhaps  represent  epidotised  felspar  laths. 
There  are  a  few  comparatively  large  yellow  chloritic  patches  that 
may  represent  phenocrysts  of  the  original  ferro-magnesian. 

Tlie  structure  of  the  rock  is  rather  similar  to  that  in  fine- 
grained basalts,  and  from  this  fact  and  from  the  composition  of 
the  rock,  it  is  referred  to  a  fine-grained  andesitic  basalt. 

[902"]  [sQs]        ^^^^  fine-gTained  compact  yellowish  clayey 

rocks,  but  both  contain  a  considerable  number  of  small  weathered 
circular  patches  or  spheroids.  Owing  to  their  extremely  weathered 
nature,  the  rocks  are  very  difficult  to  section,  but  slides  prepared 
by  special  treatment  of  the  rock  with  balsam  shoAv  a  fine-grained 
loose  plexus  of  felspar  laths  with  granular  chloritic  material  prob- 
ably derived  from  augite.  There  are  also  obscure  circular  forms 
containing  quartz  and  chlorite,  which  are  referred  to  vesicles,  and 
occasional  rather  large,  fine  scaly  chlorite  patches  that  may  have 
been  phenocrysts  of  augite. 

Both  in  outward  appearance  and  in  microscopic  characters 
these  two  rocks  very  clearly  resemble  [3^9]. 

It  is  noteworthy  that  93d  [-i-]  from  No.  2  shaft  (east  of  the 
Ingliston  Extended  East,  see  above)  end  of  East  crosscut,  is  rather 
different  from  the  other  rocks  from  this  shaft.  It  is  composed  of 
a  greenish  and  yellowish-green  mass  of  ragged  plates  of  minute 
chlorite  and  talc  scales,  many  of  the  plates  being  fibrous.  There 
is,  however,  no  definite  structure  in  the  rock,  and,  owing  to  the 
obscurity  of  its  association  with  the  rocks  described  above,  and  the 
indefiniteness  of  its  characters— the  result  of  extreme  weathering — 
its  relation  to  them  cannot  be  established. 

(d)  It  will  be  remembered  that,  associated  with  [-^-f-l  ,  are  two 
rocks — 17d  [sfe]  ^^^^  — already  described  as  epidotised  quartz 
dolerites.  This  close  association  rather  suggests  a  connection  be- 
tween them  and  the  volcanic  series,  but  no  field  relations  can  be 
made  out  from  the  outcrop  and  the  only  evidence  obtainable  ])oints 
to  [gfe]  and  15d  ])eing  intrusive  dykes. 

TIT. — Sedimentary  Rocks. 

The  occurrence  of  these  rocks  in  the  Meekatharra  area  has 
already  been  mentioned  in  a  previous  chapter.  In  the  course  of 
field  work  at  different  times  in  the  past,  both  Mr.  A.  Gihh  INfaitland 
and  Mr.  IT.  W.  P>.  Talbot  have  noted  the  ])rcsence  of  siMlimcnl ary 
rocks,  and  as  tlu;  results  of  iheir  ()l)scn'ations  hav(^  no!  yel  been 
published  lliey  hiwo  supplied  in roi'iiial ion  contained  in  (licir  note- 
books and  Huitplcnicnl  I  lie  e\  idcnce  IVoiu  Ihe  MeekalliaiTa  field  col- 
lected by  lh(!  writers  of  the  jn-csent  T^>ull('tin. 

Sedimentary  or  clastic  rocks  atlaiii  but  a  wry  small  develop- 
ment in  ihe  field.    North  of  Ihe  DislricI  as  defined  in  Cliaj^ter  I., 
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page  72,  eight  miles  east  and  south-east  of  the  Ruby  Well  Leases 
at  the  "Harder  to  Find^'  Gold  Mine  Lease,  there  occurs  a  series  of 
conglomerates,  and  south  of  it,  slates,  either  vertical  or  dipping 
at  an  angle  of  60  deg.  or  65  deg.  These  are  considered  the  same 
series  as  the  Mosquito  Creek  beds,  a  group  which  reaches  a  great 
development  in  the  Pilbara  Goldfield,  where,  according  to  Mr. 
Maitland,^  they  are  overlain  unconformably  by  sandstones  and  con- 
glomerates of  the  Nullagine  series.  Again,  a  remarkable  develop- 
ment of  clastic  rocks  has  been  revealed  from  the  specimens  collected 
by  Mr.  Maitland  at  Ut.  Yagahong  (figs.  1,  14,  26,  and  27) ;  also, 
according  to  Mr.  Clarke,  at  Table  Top  Hill  (figs.  15  and  28),  fifteen 
miles  further  north;  and  again  near  the  Ruby  Well  Leases. 
Neither  the  Table  Top  Hill  rocks  nor  those  from  the  Ruby  Well 
Leases,  both  of  which  are  more  shaly  and  more  weathered  than 
those  from  Yagahong,  have  yet  been  microscopically  examined. 

The  Yagahong  rocks  form  a  series  of  three  members,  of  which 
the  upiier  member  is  a  fine-gTained  greyish  gritty  rock  with  num- 
erous small  reflecting  surfaces  of  felspar  and  quartz  crystals;  the 
middle  a  dense-black,  rather  hard  and  very  fine-grained  indistinctly 
laminated  shal^'  rock,  and  the  basal  member  is  a  coarse  gTanitic 
conglomerate. 

The  Greyish  Grit:— 

In  the  gritty  member,  so  far  as  the  specimens  collected  show, 
there  are  two  varieties,  a  fine-grained  one  with  a  faint  yellowish- 
green  tinge,  and  a  slightly  coarser  one  somewhat  darker  in  colour 
and  without  the  yellowish  tinge.  The  former,  represented  by 
[13636],  consists  of  numerous  small,  squarish,  triangular,  lenticular 
and  round  fragments  of  clear  quartz  and  clouded  kaolinised  as  well 
as  fairly  fresh  felspar  forming  a  mosaic  pavement  with  numerous 
small  grains  of  yellow  epidote,  and  of  flakes  of  greenish  chlorite 
betw^een  the  felspar  and  quartz  fragments,  while  here  and  there 
are  small  fragments  of  yellowish-gTeen  hornblende  sometimes  with 
a  fibrous  fringe.  The  felspars  are  sometimes  untwinned,  sometimes 
twinned  on  the  albite  and  pericline  law,  while  some  show  the  grat- 
ing structure  of  microcline.  Some  are  at  least  as  basic  as  andesine. 
At  first  sight,  from  the  undoubted  fragmental  structure  of  the  rock, 
one  is  inclined  to  regard  it  as  a  epidotic  cliloritic  quartz-felspar 
arkose.  Closer  examination,  however,  reveals  some  interesting  fea- 
tures. In  places  in  the  slides  are  small  round  or  angular  patches 
which  are  not  crystal  but  rock  fragments.  Some  of  these  show 
quite  a  "flow"  structure  in  thin  laths  of  felspar,  others  are  resolved 
into  a  minute  microerystalline  mosaic  of  chloritic  scales  and  felspar 
or  quartz  grains,  others  composed  of  a  dense  fibrous  felt  of  minute 
hornblende  needles  with  a  few  thin  opaque  grey  granular  aggregates 


1.  Bulletin  G.S.  W.A.,  No.  40,  p. 
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that  are  probably  zoisitised  or  epidotised  felspar;  still  others  consist 
of  a  plexus  of  minute  felspar  laths  shot  through  Avith  minute 
needles  of  nearly  colourless  hornblende  and  with  some  granular 
zoisite;  and  some  of  a  grey  colour  or  pinkish  or  reddish  tint  that 
resemble  in  their  almost  isotropic  but  faintly  crystalline  character 
fragments  of  some  volcanic  glasses.  From  the  microscopic  character 
of  these  fragments  there  is  no  doubt  that  they  are  of  a  volcanic 
nature  and  related  to  fine-grained  andesites. 

The  latter  variety  [13638]  consists  almost  wholly  of  a  mixture 
of  rounded  and  angular  quartz  and  felspar  plates  with  scattered 
scales  of  greenish  chlorite  and  some  small  aggregates  of  gTanular 
calcite.  The  felspars  are  similar  to  those  in  the  former  variety, 
small  plates  with  the  gridiron  structure  of  microcline  fully  or  par- 
tially developed  being  by  no  means  uncommon.  The  appearance  of 
the  rock  is  very  suggestive  of  a  quartz-felspar  arkose.  Search, 
however,  again  reveals  the  presence  of  irregularly  bounded  areas 
of  microcrystallic  mosaic  of  chlorite  scales  and  quartzose  plates 
and  of  a  plexus  of  minute  felspar  laths  obscured  by  the  develop- 
ment of  minute  opaque  gray  granular  aggregates.  In  some  cases, 
the  quartz  and  felspar  fragments  seem  to  be  enclosed  in  minute 
chloritic  mosaic.  Yellowish  epidote  and  hornblende  forms  are,  how- 
ever, almost  if  not  wholly  absent,  though  small  greenish  chlorite 
scales  are  scattered  over  the  slide.  The  structure  of  the  rock  is 
very  similar  to  that  of  the  former  variety,  a  fine-grained  mosaic 
pavement  Avith  the  crystal  fragments  in  all  sorts  of  angular  and 
lenticular  shapes. 

It  is  clear  that  this  gTitly  member  presents  unusual  features. 
On  the  one  hand  some  specimens  are  fragmental  epidotic  chloritic 
agglomerates,  on  the  other  quartz-felspar  rocks  with  the  structure 
of  arkoses  but  with  enclosed  fragments  of  an  igneous  rock.  More- 
over, the  enclosed  volcanic  fragments  in  most  cases  closely  resemble 
the  fragments  already  noted  in  such  tufaceous  rocks  as  [2^3]. 
For  these  reasons,  it  would  appear  that  the  origin  of  the  rock  may 
be  ascribed  to  volcanic  fragments  falling  amongst  the  constituents 
of  granitic  arkose  that  was  in  course  of  formation.  The  resem- 
blance between  the  fragments  of  the  grit  and  those  of  [2J3]  point 
to  a  contem])oraneity  in  the  formation  of  the  i-ock  witli  the  tufit's  of 
the  Volcanic  Series. 

It  is  interesting  to  note  tliat  recently  rocks  very  similar  to 
tiicse  ha\('  been  discovered  by  iMr.  Jut  son  neai'  Vilgangi  in  the 
neighbourhood  ol'  Lake  Haesidc.  These  contain  fragnuMits  in  many 
cases  almost  identical  with  those  in  1 13636],  and,  strangely  enough, 
the  rock  itself  forms  the  matrix  of  a  conglomei  ate. 

The  Black  Shale  : — ■ 

Tliis  in  sections  consists  of  alternate  bands  of  \'ery  line  and 
coars(!  opa(|n(!  granular   material.      In    the   line  l)aiHls,   with  high 
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powers,  there  are  to  be  seen  small  scales  of  green  isotropic  chlorite, 
minute  gTains  and  rods  of  riitile,  grains  of  epidote  and  zoisite, 
small  specks  of  clear  qnartz  and  felspar,  and  many  minute  black 
grains  fonning  a  dust  probably  in  part  an  iron  ore,  and  in  part 
carbonaceous  material. 

In  the  coarser  bands,  the  same  minerals  obtain,  but  they  are 
larger  in  size.  There  are  rounded  and  angular  crystals  or  frag- 
ments of  quartz  and  felspar,  many  scales  and  flakes  of  green 
chlorite,  some  fine  granular  calcite  and  epidote,  and  the  black  dust 
as  in  the  finer  bands.  The  banding  is,  therefore,  due  to  an  ill- 
defined  alternation  between  fine-grained  material  and  coarser  and 
more  quartzose  and  felspathie  varieties  of  similar  mineral  consti- 
tution, or,  in  other  words,  of  indurated  silt  and  more  gritty  bands. 

The  Cov glomerate: — • 

This  consists  of  pebbles  varsdng  in  size  from  an  inch  to  two 
or  three  inclies  in  diameter.  So  far  as  investigations  have  gone,  the 
pebbles  are  mostly  of  a  granite,  yellowish  or  pinkish  in  colour  and 
composed  of  felspar,  quartz  and  muscovite.  The  conglomerate  ap- 
pears to  rest  directly  on  an  underlying  granite. 

This  succession  at  Yagahong  is  a  very  interesting  one  and  of 
considerable  physiographical  value.  The  sequence  of  events  that 
have  apparently  given  rise  to  it  are  first,  a  period  of  fluviatile 
erosion  during  which  conglomerates  were  laid  down,  then  a  period 
of  depression  or  subsidence — Avhether  local  or  not  is  not  know^n — • 
which  allowed  the  black  slaty  beds  to  be  formed.  Then  there  took 
place  either  a  deposition  of  subaqueous  agglomerates  or  there  was 
a  comparatively  sudden  elevation  followed  by  a  period  of  sub-aerial 
erosion  which  caused  the  formation  of  the  gritty  rocks.  Apparently 
this  elevation  has  continued  to  the  present  day,  though  enormous 
dissection  of  the  strata  has  taken  place  since  their  formation. 

Finally,  close  to  the  south-eastern  edge  of  the  Meekatharra 
granite  in  the  Haveluck  Group  and  its  neighbourhood,  there  are 
frequent  outcrops  of  fine-grained  gritty  sediments,  and,  in  the 
Haveluck  North,  of  a  conglomerate  witli  pebbles  similar  to  those 
at  Yagahong,  a  pink  granite  or  granitic  porphyry  with  thin  quartz 
veinlets  and  a  yellowish  muscovite  granite  of  rather  fine  grain. 

In  the  Quarry  Reserve,  which  has  provided  material  for  building 
purposes,  there  is  a  considerable  outcrop  of  a  white  extremely  kao- 
linised  gritty  quartz-felspar  rock,  of  which,  however,  the  origin, 
owing  to  extreme  decomposition,  camiot  definitely  be  made  out.  The 
presence  in  it  of  occasional  fine-grained  white  silty  patches  and  the 
similarity  in  grain  and  composition  to  specimens  such  as  [11213] 
and  [11200]  point  to  its  being  of  arkose  origin. 

In  none  of  the  members  of  this  group  is  stratification  to  be 
seen,  but  in  Shaft  21  of  the  Haveluck  Group  there  is,  according  to 
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Mr.  Clarke,  an  apparent  dip  south  amounting  to  58  deg'.,  and  in 
the  same  neighbourhood  similar  dips  are  recorded  by  Mr.  A.  Gibb 
Maitland. 

The  gTitty  sediments,  which  are  illustrated  by  [11200],  from 
a  point  15  chains  east-south-east  of  Reserve  No.  11199,  collected  by 
Mr.  Maitland,  and  by  [y^^]  from  the  Haveluck  North  Lease,  col- 
lected by  Mr.  Clarke,  are  brownish  or  yellowish  fine-grained  fels- 
pathic  grits  or  gTitty  sandstones.  In  section,  they  consist  of  a 
fine-gTained  mosaic  or  pavement  of  irregularly  bounded  quartz  and 
felspar  grains  of  even  size,  the  felspars,  owing  to  decomposition  to 
kaolin  and  staining  by  iron  oxide,  standing  out  very  distinctly  in 
the  slide.  Cementing  material  is  poorly  developed,  but  what  there 
is,  is  in  part  kaolinic,  in  part  yellow-brown  oxide  of  iron.  Secondary 
deposition  of  silica  appears  not  to  have  taken  place.  A  few  scales 
of  muscovite  occur.  Uneven  extinction  and  secondary  lamellation 
as  well  as  bent  lamellae  are  noticeable  at  times  in  the  quartz  and 
felspar  respectively,  though  these  results  were  probably  produced 
in  the  minerals  before  they  were  consolidated  to  gritty  sandstones. 
In  [11213]  and  [3-^-5]  there  is  a  coarser  grain  than  in  [11200],  and 


Fig.  88. 


Photo:  11.  A.  K.  Ncg.  1231. 

Microphotograph  [,'J. — The  clastic  character  of  the  rock  Is 
shown  by  the  ragged  rounded  quartz  and  felspar  crystals 
separated  by  a  cement. 

there  appears  a  greater  amount  of  a  kaolinic  and  siliceous  cement, 
while  cla.stic  character  is  more  cleni'ly  sliown  (P'ig.  88).  The 
felspars  include;  oHliochisc,  inicroclitic,  and  an  acid  plagioclase. 
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Owing  to  the  absence  of  extensive  working's  on  the  Haveluck 
North  G.M.L.,  it  was  not  possible  to  observe  the  relation  between 
the  granitic  pebbles  and  the  gritty  sandstones. 

Xo  definite  relation  has,  up  to  the  present,  been  established 
between  these  rocks  and  the  quartz-felspar  gritty  rocks  at  Yaga- 
hong. 

4.— SUMMARY  AND  CONCLUSIONS. 

Brieflj",  the  rocks  of  the  Meekatharra  Area  consist  of: — 

Granites. — Of  these,  two  varieties  have  been  identified,  one,  of 
a  grey-green  colour,  in  which  the  felspars  are  frequently  epidotised, 
and  in  which  green  chloritic  biotile  and,  occasionally,  green  horn- 
blende occurs ;  and  the  other,  of  a  prevailing  yellowish  tinge,  in 
which  muscovite  and  brown  biotite  occur  to  the  exclusion  of  horn- 
blende, and  epidote  is  entirely  absent.  AVhile  the  former  are  probably 
more  accurately  described  as  quartz-diorites  than  as  hornblende 
granites,  the  latter  show  many  resemblances  to  the  granite  of  South- 
ern Cross.  Intermediate  specimens  have  been  found  suggesting  a 
relationship  between  the  two  varieties,  but  no  evidence  other  than 
the  microscopic  is  available  on  the  point. 

Porphyries. — These  show  a  considerable  amount  of  variation 
both  in  composition  and  structure.  The  majority  of  the  dykes  are 
undoubtedly  albite  porphyries — closely  akin  to  the  quartz-kerato- 
phyres  from  other  parts  of  Australia — of  which  some  contain  (juartz 
both  as  phenocrysts  and  as  a  constituent  of  the  ground  mass;  others 
are  apparently  devoid  of  this  mineral,  and  others  again,  e.g.,  tho 
Paddy's  Flat  dyke,  in  different  parts  of  the  same  rock-mass  at  one 
time  contain  quartz  as  phenocrysts^  and  at  "another  show  no  quartz 
at  all. 

Less  ]jrominent  in  the  area  are  dykes  of  peculiar  mineralogical 
character,  which  have  been  called  chloritic  albite  porphyries.  The 
relationship  between  these  and  the  normal  albite  porphyries  is  by 
no  means  clear,  and,  though  in  some  cases  there  is  reason  for  regard- 
ing them  as  unusual  varieties  of  the  normal  type,  consideration  of 
such  specimens  as  [3  J^]  arouses  the  suspicion  that  they  are  extremely 
albitised  forms  of  a  ferro-magnesian  rock  of  dioritic  affinities.  There 
is  a  small  development  of  rocks  which  have  been  referred  to  as 
granite  porphyries,  but  which  exhibit  a  raggedness  of  outline  in 
the  crystals  and  a  paucity  of  ground-mass  that  resemble  the  char- 
acters of  some  arkoses. 

Rocks  of  Doleritic  and  Gahhroid  Origin. — These  include  dis- 
tinct dolerite  dykes  such  as  the  Tngliston  Extended  dyke;  fine- 
grained dolerites  such  as  that  of  the  Meeka  Hills,  which  is  probably, 
but  not  certainly,  an  intrusive  dyke;  a  large  number  of  compara- 
tively fresh,  though,  to  a  greater  or  less  extent,  dynamically  altered 
rocks  such  as  uralitised  and  zoisitised  quartz-dolerite  or  gabbros, 
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actinolitic-zoisitic  amphibolites,  fine-grained'  ■  zoisite-amphibolites, 
fibrous  amphibolites  and  sheared  epidiorites';'  some  chloritised  and 
epidotised  quartz  dolerites ;  hornblende  schists  or  sheared  amphib- 
olites and  foliated  black  amphibolites.  If  we  exclude  the  Ingliston 
Extended  dolerite,  which  is  undoubtedly  relatively  recent  in  origin, 
certain  similarities  in  mineral  composition  and  structure,  and  the 
occurrence  of  manifest  intermediate  varieties  indicate  a  genetic  con- 
nection between  these  rocks,  which  though,  in  some  cases,  e.g.,  the 
hornblende  schists  or  foliated  black  amphibolites,  rather  vague,  is 
in  most  cases  very  close. 

They  also  include  much  altered  facies  such  as  the  fiecked  schist, 
and  possibly  the  chloritic  slates  and  Kyarra  schists. 

Bocks  of  Peridot itic  Origin. — These  comprise  fresli  serpentines 
— derived  from  rocks  varying  in  structure  and  composition  from 
almost  a  pyroxenite  to  a  dunite,  and  much  chemically  and  dynami- 
cally altered  rocks,  some  with  very  indefinite,  others  with  definite 
traces  of  former  structure,  such  as  talc-chlorite-carbonate  rocks, 
black  schists  and  possibly  the  fuchsite-quartz-carbonate  rocks  at 
least  in  part. 

Rocks  of  Volcanic  Origin. — So  far  as  exposures  allow  of  their 
identification,  there  is  but  a  comparatively  small  development  of 
these  rocks  in  the  area.  They  consist  of  basic  tuffs  or  agglomerates, 
crystal-tuffs,  augite-andesitic  or  basaltic  rocks  with  flow  structure, 
and  fine-grained  weathered  basaltic  rocks.  The  mutual  relations  of 
the  various  members  of  the  series  cannot  be  determined  owing  to  the 
rarity  of  outcrops.  It  is  probable,  however,  that  later  investigations 
will  show  that  the  rocks  extend  considerably  to  the  east  of  the  area. 

Rocks  of  Sedimentarg  Origin. — These  are  found  in  a  few  locali- 
ties, but  apj)arently  nowhere  reach  a  large  development.  They  are 
mostly  arkoses  or  felspathic  sandstones  and  conglomerates,  though 
at  Mt.  Yagahong,  about  18  miles  east  of  Meekatharra  townsite,  a 
series  has  been  found,  consisting  from  the  base  upwards  of  conglom- 
erates on  granite,  indurated  black  slate,  and  a  member  best  described 
as  a  tufaceous  arkose,  which,  in  addition  to  angular  quartz  and  fels- 
par fragments,  contain  also  fragments  of  an  igneous  rock  of  ando- 
sitic  character.  Tliis  series  presupi)oses  a  geological  period  during 
which  conglomerates  were  laid  down,  followed  by  a  period  of  sud- 
den de])ression  during  whicli  tlie  slaly  bed  was  deposited,  and  then 
a  sudden  elevation.  During  tlie  pei'iod  after  the  sudden  elevation, 
arkoses  were  |)roduced  by  almosi)heric  weathering,  and,  ajiiiarently, 
(hiring  tlieir  formation,  there  was  an  eruption  attended  with  the 
disix-rsal  of  fra.iirnents  of  volcanic  rocks. 

The  clironological  secpiencc  of  the  i-ock  Poi'inal ions  cannot  be 
terrnined  with  any  degree  of  accuracy.    Apparently,  liowever,  the 
oldest  rocks  are  those  of  doleritic  and  pei'idotitic  origin.  These  were, 
after  solidiiicat ion,  sli'ongly  affected  by  dynamic  strain  producing 
shearing,  siiussui-il  isat  ion  of  the   felspar  and   ui'alit  isat ion  of  the 
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augite,  and  were  intruded  by  granite.  Contemporaneous  with,  or 
subsequent  to,  the  intrusion  of  the  granite,  the  porphyries  made  their 
appearance,  and  it  would  appear  that  the  introduction  of  the  gold 
was  due  to  the  residual  acid  magma  of  these  intrusions.  Then  fol- 
lowed an  eruption  of  basic  volcanic  and  agglomeratic  rocks  from 
vents  Avhich  have  not  yet  been  discovered,  but  which,  judging  by  the 
presence  of  volcanic  greenstone  ash  at  Mt.  Singleton,  cannot  have 
been  very  far  distant.  There  is  no  doubt  that  this  eruption  was  later 
than  the  formation  of  the  fibrous  amphibolites  and  the  fresh  doler- 
ites,  for  fragments  of  these  rocks  have  been  found  in  the  agglomer- 
ates. About  the  time  of  this  eruption,  the  arkoses  of  the  neighbour- 
hood were  in  course  of  formation.  Finally,  there  was  an  intrusion 
of  a  dolerite  dyke  represented  by  the  Ingiiston  Extended  dolerite. 
Outside  the  area,  the  gabbroid  rock  from  Barloweerie  Peaks,  by  com- 
parison at  any  rate  with  similar  rocks  from  Norseman,  is  also  of 
comparatively  late  origin,  but  there  is  at  present  no  evidence  of  its 
relation  in  time  to  the  dolerite. 

Albitisation  in  the  Area. — Only  traces  of  this  have  been  di5C';)v- 
ered.  The  presence  of  albite  due  to  the  alteration  of  original  felspar 
is  noticeable  in  the  uralitised  dolerites,  the  actinolitic-zoisitic  rotks, 
and  the  fibrous  and  zoisitic-amphibolites.  Again,  the  presence  of 
veins  of  albite  and  quartz  indicates  a  certain  amount  of  albitisation 
in  the  fuchsite-quartz-carbonate  rocks,  though,  curiously  enough, 
analyses  of  the  typical  emerald-green  carbonate  fail  to  show  more 
than  a  very  small  percentage  of  soda  in  the  rock-mass  apart  from 
the  veins.  Finally,  the  occurrence  of  such  rocks  as  [3^^]  >  already 
remarked,  points  to  the  possibility  of  the  rocks  known  as  chlorilic 
albite  porphyries  being  but  albitised  forms  of  an  original  tyi^e  of 
dioritic  affinities. 

Petrographical  Resemblance  between  Meekatharra  and  KaU 
goorlie. — Some  striking  similarities  exist  in  the  rocks  from  the  Meek- 
atharra Area  and  from  the  North  End,  Kalgoorlie.  In  both  Areas 
the  gold  is  found  is  fairly  close  proximity  to  dykes  of  albite  por- 
phyry. In  both  areas  there  is  a  development  of  uralitised  and  saus- 
suritised  quartz-dolerites,  and  in  both  cases  this  development  is  in 
close  association  with  actinolitic-zoisitic  rocks  and  fine-grained  aui- 
]Jiibolites.  At  Meekatharra  there  is  a  development  both  of  fresh 
serpentines  and  talc-chlorite-carbonate  rocks  derived  from  perido- 
tites,  while  at  Kalgoorlie,  there  are  similar  serpentines  at  Hannan's 
Lake,  and  talc-chlorite-carbonate  rocks,  e.g.,  from  the  Kapai  Mine, 
very  similar  in  appearance  to  those  at  Meekatharra,  and  probably  de- 
rived from  a  peridotite.  At  Meekatharra,  the  fine-grained  actino- 
litic-zoisitic rocks  flank  the  uralitised  dolerites  near  the  old  Battery 
Group,  and  at  Kalgoorlie,  identically  the  same  rocks  occur  near  the 
corner  of  Hare  and  Hinemoa  Streets  contiguous  to,  and  probably 
passing  into  uralitised  dolerites.  Fuchsite-quartz-carbonate  rocks 
occur  with  the  same  characters  in  both  areas. 
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CHAPTER  VIIL 


THE  MINERALS  OF  THE  MEEKATHARRA 
DISTRICT. 


By  E.  S.  Simpson. 


Detailed  Description  of  the  Minerals — • 
Native  Elements 

Metallic  Sulphides  and  Sulpho- Salts 
Halogen  Compounds  . . 
Oxides  and  Hydrated  Oxides 
Carbonates 

Anhydrous  Silicates  . . 
Hydrous  Silicates 
Phosphates,  Sulphates,  etc. 
Addendum 

Composition  of  the  Auriferous  Concentrates — 
Introduction 

Ingliston  Extended  Gold  Mine 

Fenian  Gold  Mine 

Marmont  Gold  Mine  . . 

Ingliston  Consols  p]xtended  Gold  Mine 

Commodore  Gold  Mine 

Kyarra  Gold  Mine 


In  the  preparation  of  tlie  following  brief  notes  npon  the  various 
minerals  to  be  found  in  the  Meekatltarra  District,  I  am  deeply 
indebted  to  Mr.  E.  de  C.  Clarke  for  most  oF  the  s[)iH:inions  described, 
and  for  much  valuable  information  as  to  their  mode  of  occurrence. 
Free  use  has  been  made  of  the  reports  on  the  district  previously 
published  by  the  State  Mining  Engineer,  Mr.  A.  MoTitgomery, 
and  by  various  officers  of  the  Deological  Survey  Department. 

'I'he  suy)ject  is  discussed  imder  two  nuiiii  iK^adiiigs.  Firstly, 
tlic-  individual  mineral  species  are  (considered  in  tletail  from  the 
standi)()ints  of  their  occurrence,  paragenesis,  and  physical  and 
chemical  i^ropertics.  S(^condly,  tlie  mineral  and  (duMnical  com- 
position of  the  auriferous  concentrates  produced  In  s(>vei-al  of 
tlie  gold  jniries  is  described. 
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DETAILED  DESCRIPTION  OF  THE  MINERALS. 
Native  Elements. 

Only  two  of  these  have  been  detected  in  the  specimens  collected 
at  Meekatharra,  viz.,  graphite  and  gold.  In  view  of  the  frequent 
association  of  peridotite  rocks  and  arsenical  minerals  with  platinum, 
this  metal  was  looked  for  in  the  concentrates  from  two  gold  mines 
but  no  trace  could  be  detected. 

Graphite  (free  carbon).- — This  occurs  in  small  quantities  in 
a  few  rocks.  A  massive  serpentine  [1  /137]  from  the  42oft.  level, 
Ingliston  Extended  G.M.  contains  0-06  per  cent,  of  finely  divided 
graphite.  Traces  are  also  present  in  a  chlorite-talc  schist  [1  /136] 
from  the  same  mine  and  in  a  greenstone  tuff  [11205]  from  12  chains 
east  of  the  Marvel  Loch  Lease. 

Gold  (native  gold  alloyed  with  silver). — The  occurrence  of 
gold  at  Meekatharra  is  so  fully  dealt  with  by  Mr.  Clarke  in  his 
description  of  the  mines  that  only  brief  reference  to  it  need  be 
made  here.  Gold  appears  to  have  been  profitably  worked  in 
several  different  matrices,  viz.  : — 

(a)  Veins  of  vitreous  quartz,  seen  in  practically  every  mine. 

(b)  Impregnated  shear  and  fracture  zones  in  altered  perido- 

tites,  e.g.,  at  Fenian  and  Ingliston  Consols  Extended 
Mines. 

(r-)  Similar  zones  in  altered  dolerite,  e.g.,  at  Batavia  Mine 
and  probablj'  several  of  the  mines  at  Paddy's  Flat. 

(d)  Similar  zones  in  ceratophyre,  e.g.,  at  Haveluck  Mine. 

(e)  Similar  zones  in  jasper,  e.g.,  at  Queen  of  the  Hill  Mine. 

(f )  Masses  of  completely  kaolinised  rock  containing  secondary 

gold  and  flanking  the  true  outcrops  of  the  deep- 
seated  lodes,  e.g.,  at  Gibraltar  and  Ingliston  Ex- 
tended Mines. 

Some  wonderfully  rich  specimens  of  gold  in  quartz  have 
been  obtained  from  Meekatharra  and  Yaloginda,  particularly  from 
the  Revenue  Mine,  specimens  from  which  mine  and  from  the  Multum 
in  Parvo  and  Ingliston  Consols  Extended  were  exhibited  at  the 
Franco-British  Exhibition  in  1908.  The  gold  in  the  specimen  from 
the  first  named  mine  was  found  to  be  801  -2  fine,  and  that  from  the 
last-named,  959-7  fine,  the  balance  in  each  case  being  silver.  These 
are  the  only  available  assays  of  native  gold  from  this  district. 
Much  of  the  gold  in  the  rich  Revenue  specimens  was  distinctly 
crj^stalline,  the  principal  forms  developed  being  apparent^  the 
rhombic  dodecahedron,  octahedron,  and  cube. 

The  principal  secondary  minerals  associated  with  the  gold 
are  quartz,  arsenopyrite,  and  pyrite,  as  well  as  the  various  carbon- 
ates and  hydrous  silicates  of  the  shear  zones  in  the  altered  igneous 
rocks. 
(10) 
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Metallic  Sulphides  and  Sulpho- Salts, 

There  are  remarkably  few  metallic  minerals  of  this  description 
at  Meekatharra.  Pyrite  and  arsenopyrite  are  the  only  two  which 
are  at  all  abundant,  marcasite  is  very  rare,  as  also  the  copper  com- 
pounds—coveJlite,  chalcopyrite,  and  tennantite.  No  trace  was 
observed  of  any  compounds  of  lead  or  zinc,  both  common  accom- 
paniments of  gold  in  the  Eastern  Goldfields ;  nor  of  those  of  bis- 
muth, antimony,  and  tellurium,  which  are  not  infrequently  met 
with  in  gold  ores  in  other  parts  of  the  State. 

Covellite  (sulphide  of  copjDer). — A  single  small  mass  M^as  noted 
in  a  specimen  of  milk-white  quartz  [1  /432]  from  near  the  Two 
Sisters  quartz  outcrop  at  Yaloginda. 

Chalcopyrite  (sulphide  of  copper  and  iron). — Several  small 
grains  are  to  be  seen  in  the  specimen  of  quartz  from  Yaloginda, 
which  carries  the  covelUte  mentioned. 

Pyrite  (sulphide  of  iron). — This  is  one  of  the  commonest  sul- 
phides at  Meekatharra,  but  is  less  abundant  than  arsenopyrite. 
Occasional  grains  and  crystals  are  observed  in  non-auriferous  rocks 
and  in  quartz  veins,  but  they  are  common  only  in  the  sheared 
rocks  within  the  auriferous  sections,  or  closely  adjacent  thereto. 
Except  in  some  of  the  jaspery  ore  in  the  (}ueen  of  the  Hill  Mine 
pyrite  is  never  anything  but  a  subordinate  constituent  of  the  whole 
ore.  In  the  majority  of  cases  in  the  shear  zones  the  mineral  is 
fine  grained  and  well  crystallised,  the  form  being  almost  invariably 
the  pentagonal  dodecahedron,  with  sometimes  small  bevelling 
faces  of  the  cube  and  octahedron.  Far  less  common  is  the  striated 
cube,  which,  however,  is  seen  freely  in  association  with  uncrjstal- 
lised  pyrite  in  the  auriferous  jasper  from  the  deeper  levels  of  the 
Queen  of  the  Hill  Mine.  In  a  specimen  of  ore  from  the  No.  5  level 
of  the  Ingliston  Consols  Extended,  roughly  spherical  masses  of 
pyrite  up  to  almost  an  inch  in  diameter,  composed  of  large  inter- 
penetrating dodecahedra,  are  seen  with  much  free  gold  embedded 
in  a  dark  greenstone  schist.  Surrounding  each  pyrite  mass  is 
a  thin  border  of  pale  coloured  non-ferruginous  talc,  and  scattered 
freely  through  the  ore  are  small  grains  and  crystals  of  pyrite  and 
arsenoi)yrite.  The  pyrite  in  all  such  ore  is  plainly  the  result  of 
the  action  of  sul})luir-bearing  solutions  or  vapours  upon  ferruginous 
rock-forming  silicates  sucli  as  chlorite  or  tak;,  tlie  re-action  being 
somewhat  as  follows  : — 

() H 2^lfjr.iVcSu{ )i 2  + 1  r).S  yield  4 H aMggSi^C )i 2  |  ()IV,S2  i  8S i( )2  +  2H 1  3S( 
Ferruginous  Non-ferruginous  Pyrite. 

talc  talc 

'I'In's  reaction  exj)lains  the  association  of  se{!ondary  non-fc^iruginous 
talc  with  [)yrite  in  the  Jngliston  Consols  Extended  ore. 

Marcasite  (suli)hide  of  iron). — A  single  si)ecinuMi,  in  which 
this  niineial  is  associated  with  (juartz,  was  collected  by  Mr.  ClaiUe 
at  the  Siidar-  (Ji-oup. 
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Arsenopyrite  (sulpharsenide  of  iron). — The  specimens  of  ore 
and  concentrates  in  the  Departmental  collection  indicate  that 
this  is  the  most  important  metallic  mineral  in  the  lodes  at  Paddy's 
Flat.    The  proportions  jDresent  in  four  concentrates  were  : — 


In  each  case  the  mineral  was  found  to  contain  a  little  nickel,  amount- 
ing in  the  second  case  to  about  0-5  per  cent. 

Like  pyrite,  this  mineral  is  seldom  seen  in  the  quartz  veins 
but  is  common  in  the  metasomatic  rock  of  the  lode  formations. 
In  all  instances  it  is  in  small  w^ell-formed  crystals  scattered  through 
the  ore.  The  crystal  form  is  mainly  a  combination  of  the  unit 
prism  (110)  with  the  unit  macrodome  (101). 

A  fine-grained  ceratophyre,  [1  /90],  from  the  No.  5  Level  of  the 
Fenian  G.M.  was  found  to  carry  0-85  per  cent  of  this  mineral. 

The  source  of  the  mineral  in  every  instance  appears  to  be 
the  inter- action  between  ferruginous  silicates,  such  as  chlorite 
or  talc,  and  magma  tic  emanations  carrying  sulphur  and  arsenic. 
This  would  account  for  its  common  occurrence  in  the  metasomatic 
auriferous  rocks  and  its  almost  complete  absence  from  the  auriferous 
quartz  veins. 

Tennantite  (sulpharsenite  of  copper). — A  few  small  specks 
of  this  mineral  were  observed  in  concentrates  from  the  Ingliston 
Consols  Extended  G.M. 


Salt  (chloride  of  sodium). — This  was  the  only  halogen  com- 
pound observed  amongst  the  Meekatharra  specimens.  It  is  abund- 
antly dissolved  in  the  underground  waters,  forming  usually  about 
50  per  cent,  of  the  total  solid  matter,  and  appears  in  isotropic 
fibres  associated  with  granular  epsomite  in  an  efflorescence  collected 
by  Mr.  Clarke  in  some  underground  workings  on  the  Black  Jack 
Group  at  Yaloginda, 


Quartz  (oxide  of  silicon). — Vitreous  quartz  is  an  important 
constituent  of  the  granites  and  acid  porphyries  and,  in  addition, 
veins  of  it  are  abundant  throughout  the  district,  many  of  them 
being  payably  auriferous,  others,  again,  almost  or  quite  devoid  of 
gold. 

The  vein  quartz  varies  in  colour  at  the  surface  from  milk 
white,  for  example  [1  /432],  Sisters  vein,  to  dark  brown,  [1  /397], 
Kyarra  Reef  ;  and,  where  unoxidised,  from  milk-white,  [1  /420], 
Marmont,  320ft.  level,  to  light  or  dark  grey,  [1  /409],  Coronation 


Ingliston  Extended  G.M.  . . 
Tndiston  Consols  Extended  G.M. 
]\Iarmont  G.M. 

Fenian  G.M.   


25  •  3  per  cent. 

62-4  per  cent. 

64  •  7  per  cent. 

66-4  per  cent. 


Halogen  Compounds. 


Oxides  and  Hydrated  Oxides. 
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Group,  and  [1  /419],  No.  5  level,  Ingliston  Consols  Extended  Mine. 
In  structure  it  varies  considerably,  from  dense  vitreous,  [1  /408], 
Hicks'  rnain  shaft,  through  the  more  common  subvitreous  of  the 
Paddy's  Flat  Mines  (mostly  massive  but  sometimes  vughy),  to 
fine  granular,  tough  [1  /429],  or  crumbling  [1  /430],  both  from  Two 
Bells  Lease  at  Yaloginda.  Under  the  microscope  the  most  vitreous 
quartz,  such  as  [1  /408],  Hicks'  shaft,  or  [1  /397],  30ft.  level,  Kyarra 
Mine,  is  seen  to  consist  wholly  of  large  interlocked  grains,  from 
one  to  several  millimetres  in  diameter.  The  common  subvitreous 
varieties,  e.g.,  [1/406],  from  the  main  vein,  New  Orleans  G.M.,  or 
[1  /419],  No.  5  level,  Ingliston  Consols  Extended  G.M.,  are  seen 
under  the  microscope  to  consist  largely  of  coarse-grained  quartz, 
0-5  to  3-0  millimetres  in  diameter,  with  a  little  interstitial  quartz 
which  is  much  finer  grained,  0-02  to  0-05  millimetres,  and  akin 
to  chalcedony.  The  granular  quartz  of  the  Two  Bells  Lease, 
already  referred  to,  is  exceptional  in  structure,  being  composed 
almost  wholly  of  grains  from  0  •  04  to  0  •  20  mm. ,  which  are  apparently 
only  imperfectly  cemented  together.  It  would  be  impossible  in 
the  present  imperfect  state  of  our  knowledge  to  decide  whether 
there  is  any  relationship  between  the  structure  of  the  quartz  and 
its  richness  in  gold. 

In  all  cases  the  vein  quartz  appears  under  the  microscope 
to  be  very  full  of  a  greyish  "  dust,"  which,  under  high  jDowers,  is 
seen  to  be  mainly  minute  pores  filled  with  liquid  or  gas,  or  some- 
times with  both.  True  mineral  inclusions  in  the  quartz  are  rare 
and  are  confined  mainly  to  carbonates,  with  rarely  a  little  pyrite 
or  iron  hydrate  pseudomorphs.  The  evenly  brown  colour  of  some 
weathered  quartz,  e.g.,  [1  /397],  Kyarra  Mine,  is  due  to  tlie  filling 
with  iron  hydrates  of  minute  secondary  cracks  between  and  across 
the  original  quartz  grains. 

Two  specimens  of  quartz  collected  by  Mr.  Clarke  are  exceptional 
in  structure.  In  one,  [1  /818],  from  the  "  vughy  vein  "at  the 
Sabbath  Group,  the  whole  structure  is  botryoidal  owing  to  the 
growth  of  the  quartz  having  been  in  masses  of  concentric  radiating 
crystals.  At  the  centre  of  each  group  of  crystals  is  a  small  vugh. 
The  quartz  from  the  "  sandy  leader  "  on  the  No.  1  level  of  the 
Ingliston  Extended  (ilold  Mine  is  a  very  loosely  coherent  mass  of 
small  ])rismatic  crystals  without  orientation,  mixed  with  finely 
granular  quartz. 

(chalcedony  is  a  constituent  in  varying  proportions  of  the 
jasjMT  bars.  [11197]  from  1  miles  E.S.E.  of  Clarence  (J.M.L. 
is  practically  pur(i  (^liahHHiony  of  a  grey  (iolour,  translucent  and 
flint-liUe,  with  indistinct  parallel  banding  and  with  some  narrow 
bright  red  strcaUs  coloured  hy  haciiuit  ilc 

Spccinierjs  of  ore  (jasper  bar)  from  the  Nos.  3  and  4  level 
<>i  the  (^iH^en  of  the  Hill  (i.M.  consist  mainly  of  (rhalcedony  with 
a  tail-  amount  of  pyi'itcs  mikI  a,  litth'  iiaeniatitc  and  inagiu^tite. 
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Cuprite  (oxide  of  copper). — A  little  cuprite  occurs  with  mala- 
chite in  the  Mount  Gibbs  Copper  Mine  at  Chunderloo,  11  miles 
S.W.  of  Meekatharra. 

Haematite  (oxide  of  iron). — This  is  apparently  confined  to 
the  jasper  bars,  of  which  it  is  a  constant  constituent,  though  in 
very  variable  proportions.  Some  specimens  from  these  masses 
are  almost  entirely  chalcedony  with  a  few  red  bands,  in  whicli  a 
microscopic  dust  of  haematite  is  scattered  through  the  preponder- 
ating chalcedony,  for  example,  at  Luke's  Trig.,  [11198],  and  1| 
miles  E.S.E.  of  Clarence  Lease  [11197].  In  other  cases  the  haema- 
tite is  much  more  plentiful,  for  example,  in  [11203]  from  the  Mystery 
Lease,  half-mile  west  of  the  Fenian  Mine.  This  contains  about 
equal  proportions  of  cryptocrystalline  quartz  and  haematite,  the 
latter  partly  as  a  bright  red  pigment,  partly  in  coarse  grains  which 
are  black  and  glistening.  The  distribution  of  the  constituents 
constantly  gives  a  rough  banding  to  the  rock.  In  [11194],  from 
near  the  Clarence  Lease,  thin  bands  of  almost  pure  haematite 
alternate  with  red  or  dark  brown  bands  of  true  jasper.  At  the 
Black  Jack  Mine  at  Yaloginda  some  of  the  haematite  bands  are 
in  the  form  of  a  soft  black  powder,  associated  with  harder  black 
and  red  bands.  In  no  part  of  the  district  do  the  jasper  bands 
develop  into  massess  of  haematite  of  sufficient  purity  and  extent 
to  form  iron  ores. 

In  all  the  cases  described  the  jasper  appears  to  be  a  meta- 
somatic  replacement  of  a  ferruginous  greenstone  schist,  which  has 
been  subjected  to  the  action  of  highly  carbonated  and  at  the  same 
time  oxidising  waters.  These  have  attacked  the  silicates  forming 
iron  and  aluminium  hydroxides  and  calciurn  and  magnesium  carbon- 
ates together  with  free  silica,  all  the  products  of  decomposition 
being  removed  in  solution  except  the  almost  insoluble  iron  oxide 
and  silica. 

^  Ilmenite  (oxide  of  iron  and  titanium). — This,  in  small  black 
grains,  is  a  minor  constituent  of  the  least  altered  dolerites.  It 
was  detected  in  small  amounts  in  the  concentrates  from  the  In- 
glLston  Extended  and  Commodore  Mines.  In  many  of  the  altered 
rocks  it  has  been  converted  into  rutile,  in  others  into  leucoxene. 

Magnetite  (oxide  of  iron). — This  occurs  as  a  minor  constituent 
of  many  of  the  less  altered  rocks.  Thus,  on  crushing  and  con- 
centrating 100  grammes  of  the  gneissic  granite  from  a  point  two 
miles  north  of  Yaloginda,  the  concentrates  separated  by  methylene 
iodide  of  density  3-3  weighed  about  0*14  per  cent,  of  the  whole 
rock  and  consisted  mainly  of  granules  of  magnetite,  many  crystal- 
lised in  perfect  octahedra. 

The  majority  of  the  specimens  collected  from  the  jasper  bars 
are  free  from  magnetite,  as  shown  by  their  failure  to  affect  a  compass, 
but  some  specimens  from  these  banded  haematite-quartz  veins 
carry  sufficient  magnetite  to  have  a  strong  effect  upon  a  compass 
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needle,  e.g.,  [11194],  from  near  the  south-west  corner  of  the  Clarence 
Lease.  The  auriferous  jasper  in  the  Queen  of  the  Hill  G.M.  carries 
a  little  granular  magnetite  at  times. 

Chromite  (oxide  of  iron  and  chromium). — In  an  area  con- 
taining considerable  masses  of  peridotite  one  would  expect  this 
mineral  to  be  moderately  plentiful.  In  much  of  the  altered  variety 
of  this  rock,  however,  the  original  chromite  has  been  completely 
altered  with  the  formation  of  chrome  mica,  fuchsite,  q.v.  No 
hand  specimens  of  chromite  have  been  found,  but  small  grains  have 
been  separated  and  determined  with  certainty  from  a  massive 
serpentine  rock,  [1  /137 ;,  from  the  Ingliston  Extended  Mine,  and 
from  the  auriferous  concentrates  from  the  Commodore  Mine. 

Rutile  (oxide  of  titanium). — This  mineral,  in  microscopic  pris- 
matic crystals  and  grains,  ii  widespread  as  an  alteration  product 
of  ilmenite  in  many  metasomatic  rocks,  e.g.,  the  fuchsite-mesitite 
rock  of  the  Commodore  Mine,  the  talc-chlorite-ankerite  rock  of 
the  Fenian  Mine,  and  the  highly  micaceous  schist  found  in  the 
Queen  of  the  Hill  Mine,  which  carries  2-5  per  cent,  of  rutile.  It 
was  also  detected  in  all  the  concentrates  from  the  Paddy's  Flat 
Mines,  derived  doubtless  from  the  lode-formations. 

Iron  Hydrates. — These  are  abundant  as  products  of  weathering 
of  the  rock  forming  silicates,  of  the  ferruginous  carbonates  of  rocks 
and  lodes,  and  of  the  pyrite  and  arsenopyrite  of  auriferous  lodes. 
Several  species  are  recognised  by  Dana  having  different  ratios 
of  ferric  oxide  to  water.  Of  these,  Xanthosiderite  (Fe203.2H20), 
is  readily  distinguished  by  its  bright  yellow  colour,  and  Turgite 
(2Fe203-H20)  by  its  decrepitation  when  heated.  Limonite 
(2Fe203-3H20),  and  Goethite  (Fe203-H20),  (except  when  the 
latter  is  crystallised)  can  only  be  definitely  determined  by  analysis. 

The  bright  yellow  kaolinised  schist  from  Garden  Gully,  which 
on  crushing  would  yield  a  good  yellow  ochre,  owes  its  colour  to 
the  presence  of  much  xanthosiderite.  The  same  mineral  is  found 
in  weathered  lodestuff  as  the  result  of  oxidation  of  mesitite,  e.g., 
in  that  from  the  Ingliston  Extended  and  Commodore  Mines.  In 
this  it  appears  as  a  soft,  bright  yellow  powder,  through  wliich  are 
scattered  small  grains  of  fuchsite  and  quartz,  which  proclaim 
its  origin. 

Turgit(;  was  detected  in  brown  masses  with  ({uartz  in  oxidised 
on;  from  the  ConuiKKlon;  Mine. 

Limonite;,  the  commonest  of  all  iron  hydrates,  is  doubtless 
plentiful  amongst  th(;  brown  de(;omi)osition  i)roducts  of  the  zone 
of  w(!ath('ring,  which  hav^e  not  bet;n  examined  in  detail. 

Psilomelane  (hydiated  oxidt;  of  niaiigan(>S(;). — Thin  dendritic 
films  ol  this  weni  observed  on  the  suihKu;  of  cracks  in  a  niucii 
w(!alhei-e(l  greenstone  from  the  lloi'nsl)\'  (Iroui). 
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Carbonates. 

Carbonates  of  the  alkaline  earths  are  abundant  throughout 
the  district,  originating  as  at  Kalgoorlie  and  elsewhere  in  the  State, 
from  the  deep-seated  action  of  magmatic  carbonic  acid  on  rock- 
forming  silicates.  The  action  on  doleritic  rocks  which  contain 
a  fair  proportion  of  lime  has  been  to  produce  calcite  where  the 
amount  of  carbonic  acid  was  not  molecularly  in  excess  over  that 
of  the  lime.  Ferruginous  dolomite  or  ankerite  was,  however, 
formed  where  the  su23ply  of  acid  was  more  abundant.  In  the  case 
of  peridotitic  rocks  or  related  rocks  which  contain  very  little  lime, 
only  small  quantities  of  calcite  with  serpentine  have  formed  with 
very  limited  supplies  of  carbonic  acid,  whilst  with  greater  supplies 
the  action  has  been  more  intense,  serpentine  being  first  converted 
into  talc  and  mesitite,  and  subsequently  in  places  all  magnesium 
and  iron  silicates  have  been  destroyed  with  the  formation  of  mesitite 
and  quartz. 

Calcite  (carbonate  of  calcium). — Hand  specimens  of  this 
mineral  are  not  frequently  obtained,  but  microscopic  grains  are 
common  in  the  carbonated  greenstones.  Thus  an  analysis  of 
[1  /137],  a  fine-grained  serpentine  from  the  Ingliston  Extended 
Mine,  revealed  the  presence  of  6  per  cent,  of  calcite,  and,  similarly, 
6^  per  cent,  was  detected  in  a  tuff  [11205]  from  a  point  east  of  the 
Marvel  Loch  Lease.  Small  grains  were  detected  in  most  of  the 
auriferous  concentrates,  being  derived  from  the  auriferous  shear 
zones.  It  was  most  abundant  in  the  concentrates  from  the  Commo- 
dore Mine,  of  which  it  formed  almost  13  per  cent. 

A  fault  plane  at  the  No.  3  level  of  the  Ingliston  Extended  G.M. 
w^as  filled  with  a  thin  to  ^  inch)  sheet  of  white  and  pale- grey 
fibrous  calcite.  Fibrous  and  lamellar  serpentine  coated  both  faces 
of  the  sheet. 

Dolomite  (carbonate  of  calcium  and  magnesium,  usually  with 
some  iron). — ^Dolomite  is  more  abundant  at  Meekatharra  than 
calcite,  and  occurs  mostly  in  microscopic  grains  throughout  the 
carbonated  greenstones.  Being  derived  from  more  or  less  ferru- 
ginous calcium-magnesium  silicates  by  deep-seated  carbonation 
in  situ,  the  dolomite  is  invariably  ferruginous  and  usually  sufficiently 
so  to  be  designated  Ankerite  (2CaC03.MgC03.FeC03). 

Two  rocks  which  were  analysed  contained  a  notable  amount 
of  finely  divided  ankerite,  viz.  [1  /200]  and  [1  /204],  both  chlorite 
schists  from  the  Commodore  Mine,  which  carried  9  per  cent,  and 
24  per  cent,  of  this  mineral  respectively.  In  a  third  rock  of  the 
same  nature,  [1  /209],  from  the  No.  3  level  in  the  Fenian  Mine, 
nearly  20  per  cent,  of  ankerite  was  present  in  the  form  of  prominent 
lenses  and  small  scattered  rhombohedra,  easily  detected  by  the 
unaided  eye. 

Mr.  H,  P.  Woodward  collected  at  Meekatharra  in  1909  a  fine 
specimen  of  white  to  pale-grey  coarsely  crystalline  ankerite  [10721], 


296 


which  completely  filled  a  vein  four  inches  wide  in  carbonated 
greenstone.  A  ferruginous  dolomite,  probably  ankerite,  is  present 
in  the  concentrates  from  most  of  the  Paddy's  Flat  Mines. 

The  first  stage  in  the  weathering  of  this  mineral  is  illustrated 
by  [10719]  from  the  Marmont  Mine.  This  is  a  vein  filling  con- 
sisting of  about  equal  amounts  of  quartz  and  coarsely  crystalline 
ankerite,  the  latter  of  which  is  dark  brown  in  colour  from  the?  con- 
version of  much  of  the  contained  ferrous  carbonate  into  ferric 
hydrate. 

A  large  boulder,  with  typical  septarian  structure,  [1 /817],  was 
found  by  Mr.  Clarke  in  weathered  rock  in  a  small  shaft  20  chains 
south  of  the  Sirdar  Group.  The  structure  of  the  outside  of  the 
boulder  is  small  pisolitic,  inside  that  dense  and  compact,  with  a 
minute  crystalline  crust  lining  the  numerous  wide  septarian  cracks 
which  radiate  roughly  from  the  centre.  That  these  are  shrinkage 
cracks  is  very  evident  from  the  matching  of  opposing  irregular 
surfaces.  The  whole  boulder  is  of  a  uniform  purplish-red  colour, 
due  to  evenly  distributed  iron  hydrate  dust,  which  can  be  separated 
by  attacking  the  mineral  with  dilute  nitric  acid.  Apart  from  this 
pigment  the  composition  is  that  of  a  pure  dolomite,  an  unusual 
composition  for  a  septarian  nodule.  The  only  way  to  account 
for  the  gaping  shrinkage  cracks  in  the  interior  of  a  boulder  with 
unbroken  crust  is  to  assume  that  the  mineral  was  originally  pre- 
cipitated as  a  hydrated  carbonate  akin  to  the  Gajite  of  Plese  in 
Croatia,^  and  that  this  was  subsequently  converted  into  dolomite 
by  dehydration  accompanied  by  a  shrinkage  in  volume  of  something 
like  30  per  cent.  The  oxidation  of  original  ferrous  carbonate  would 
account  for  the  colour. 

Mesitite  (carbonate  of  magnesium  and  iron). — A  ferruginous 
magnesium  carbonate  which  is  abundant  at  Meekatharra,  and 
which  in  its  composition  and  chemical  behaviour  is  distinct  from 
true  magnesite,  must  be  looked  upon  as  mesitite.  It  occurs  in 
lodes  and  barren  rocks,  mainly  if  not  wholly  below  water  level,  and 
in  association  either  with  talc  and  chlorite  or  with  fuchsite  and 
quartz.  Its  origin  in  either  case  is  plainly  to  be  traced  to  the 
deep-seated  carbonation  of  ferruginous  magnesium  silicates  such 
as  talc  or  serpentine,  the  latter  either  free  serpentine  or  the  serpentine 
molecule  of  chlorite.    Thus — 

2  H4  (Mg,  Fc)  gSi^Oa   +    SHaCO,  yield  3(^1-,  Fe)  CO 3  + 
Scrj)ontino  Mesitite 

H2(Mfr,  FeOgSi,  ()i2  +  6H2  0 
Talc. 

liu  (Mg,  K<')3  ^U^K2  1      H2('<>3  .y«<'l(l  '5  (^^Ig'       C^>3  I-  '^''^i^^  1  ^HaO. 
Taic  Mesitite  Quart/, 

SoG  also  und(!r  fuchsite. 


•  Hfic  H.  liCitincifT,  Wiis.scrlmlf igt;  (loloinililluilicho  Mliioralion,  la  Doelter,  Hand- 
(Icr  Mlnc.nilclioiiilc,  I.,  \>\).  101,  -lO^. 


297 


Mesitite  has  already  been  described  as  occurring  under  precisely 
similar  conditions  at  Kalgoorlie^  and  Kanowna.^  References  to 
similar  occurrences  abroad  are  rare,  but  Redlich^  refers  to  wliat 
appear  to  be  similar  conditions  in  Styria  and  Tyrol. 

The  paragenesis  of  this  mineral  in  Western  Australia  may 
be  tabulated  thus — 


Paragenesis  of  Mesitite. 


Type  A. 

Type  B. 

Meeka- 

Kal- 

Kan- 

Meeka- 

Kal- 

Kan- 

tharra. 

goorlie. 

owna. 

tharra. 

goorlie. 

owna. 

Mesitite 

X 

X 

X 

X 

X 

X 

Ankerite   . . 

X 

X 

X 

X  X 

X 

X  X 

T2,lc 

X  — 

X 

X 

X 

X 

X  X 

Chloii.e    . . 

X  -  ■ 

X 

X 

X 

Fuchsite   . . 

X 

X 

X 

Biotite 



X  — • 

Tourmaline 

X  — ^ 

Quartz 

X 

X 

X 

X 

X  — ■ 

X 

R  utile 

X 

X 

X 

X 

X 

X 

Fyrite 

X 

X 

X 

X 

Arsenopyrite 

X  — 

X  

Gold 

Significance  of  symbols  :  X,  major  constituent  ;  x,  minor  constituent  ; 
— absent  ;  x  — ,  sometimes  a  minor  constitr.ent,  sometimes  absent  ; 
X  X,  sometimes  a  major  constituent,  sometimes  a  minor. 


This  table  may  be  compared  with  that  given  by  Redlich  on 
page  249  of  the  first  volume  of  Doelter's  Handbuch  der  Mineral- 
chemie.  Redlich's  "  chromiferous  talc  "  may  well  be  fuchsite, 
since  it  has  probably  been  named  as  the  result  of  microscopic 
examination,  by  which  alone  talc  and  muscovite  cannot  easily 
be  differentiated. 

At  Meekatharra  the  mesitite  in  the  fuchsite  rock  is  either 
finely  granular  and  evenly  distributed,  or  is  in  somewhat  coarse 
aggregations.  It  is  white  to  pale  grey  in  colour,  and  sub-translucent 
to  opaque,  except  in  thin  section.  Chemically  it  is  distinguishable 
from  all  other  carbonates  by  its  greater  resistance  to  the  action  of 
acids.  In  5E  hydrochloric  acid,  even  in  fine  powder,  it  only  begins 
to  dissolve  at  a  temperature  of  about  95°  C.  and  even  on  boiling, 
solution  is  slow. 

In  the  zone  of  much  weathered  (kaolinised)  rock,  mesitite  is 
found  to  have  suffered  complete  decomposition  with  the  formation 
of  iron  hydrates  and  pure  magnesium  carbonate,  most  of  the  latter 
being  removed  by  solution  in  percolating  waters. 

'  E.  S.  Simpson,  Mineralogy  of  Kalgoorlie,  G.S.W.A.  Bulletin  42,  pp.  128,  139. 

•  E.  S.  Simpson,  Carbonate  Minerals  occurring  in  certain  Kanowna  Rocks,  G.S.W.A. 
Bulletin  47,  pp.  96,  97. 

*  K.  A.  Redlich,  Bntstehung  und  Vorkommen  des  Magnesits.    In  Doelter,  Hand- 
buch der  Mineralchemie,  I.,  247. 
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Magnesite  (carbonate  of  magnesium). — No  non-ferruginous 
magnesium  carbonate  has  been  obtained  below  water  level.  Above, 
that  level,  as  already  stated,  ferruginous  varieties  have  been  con- 
verted into  iron  hydrates  and  pure  magnesite,  most  of  which  has 
been  removed  in  solution,  but  some  has  remained  behind  close  to 
the  surface  in  the  form  of  concretionary  boulders.  A  specimen 
[11211]  from  one  of  these  boulders  collected  by  Mr.  H.  P.  Woodward 
is  composed  of  almost  pure  white  magnesite,  very  hard  and  fine 
grained,  with  a  conchoidal  fracture,  the  mineral  resembling  a 
semi-porcelain.  It  is  traversed  by  one  or  two  minute  cracks  filled 
with  glassy  quartz.  On  treatment  with  warm  dilute  hydrochloric 
acid  the  greater  part  of  the  mass  dissolves  with  effervescence,  leaving 
behind  a  very  light  skeleton  of  gelatinous  silica,  derived  from  the 
breaking  up  of  associated  sepiolite  (meerschaum). 

Some  white  nodules,  partly  hard  and  dense,  partly  soft  and 
porous,  collected  by  Mr.  Clarke  in  decomposed  peridotite  at  a 
depth  of  80  feet  at  the  south  end  of  the  Ingliston  United  Lease 
were  found  to  consist  mainly  of  magnesite,  with  appreciable  amounts 
of  sepiolite,  the  hard  nodules  containing  the  greater  proportion 
of  the  silicate,  together  with  free  silica. 

Malachite  (hydrous  carbonate  of  copper).— This  is  very  rare 
in  the  area  embraced  by  Mr.  Clarke's  map.  Small  amounts  were 
detected  in  concentrates  from  oxidised  ore  from  the  Commodore 
Mine. 

At  Chunderloo,  eleven  miles  S.W.  of  Meekatharra  township, 
a  small  copper  mine,  the  Mount  Gibbs,  is  now  working  and  has 
shipped  a  few  tons  of  high  grade  ore  in  which  the  metal  is  almost 
wholly  in  the  form  of  malachite.  The  State  Mining  Engineer 
informs  me  that  stains  of  malachite  are  freely  visible  in  the  ore 
from  the  upper  levels  of  the  Chunderloo  Gold  Mine  at  the  same 
centre. 

Anhydrous  Silicates. 

With  the  exception  of  albite  and  zircon  these  are  practically 
confined  to  the  non-auriferous  rock  masses,  details  of  which  are 
given  in  the  chapter  on  the  Petrology  of  the  district.  Only  the 
briefest  reference  will  therefore  be  made  to  them  here. 

Microcline  (siHcate  of  aluinininm  and  ))()tassiuni). — Tliis  is 
abundant  as  a  primary  constituent  of  the  granites  and  pegmatites 
of  th(;  district.  Small  amounts  of  a  ])otasli  f(^lsj)ar  are  also  found 
in  the  \><)v\)\\yry  dykes. 

Albite  (silicate;  of  aluminium  and  sodium). — Albite  forms  the 
uiajor  portion  of  K(;v(;ral  dyUcs  of  ccrat ophyre.  'I'hus  |1/90|, 
a  (iyk(!  rock  from  the  No.  5  level  of  the  l^\Miian  Mine,  carries  about 
');')  per  e(!nt.  (-1  Hll)i1('';  |11202|,  fioin  tlie  ()S  n>ile-peg  on  the  Peak 
iliil  Koad,  about  HO  per-  cent,  albite;  and  [1 /113J  from  the  saino 
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neighbourhood,  about  85  per  cent,  of  this  mineral.  [1  /109],  from 
a  shaft  near  the  north  end  of  the  Yaloginda  Belt,  is  practically 
pure  albite,  as  the  following  analysis  of  the  rock  shows  : — 


Albite-rock, 
Yaloginda. 


Pure  Allite. 


Silica     . . 

Alumina 

Ferric  oxide 

Ferrous  oxide 

^Magnesia 

Lime 

Soda 

Potash 

Ignition  loss 


per  cent. 
68-19 
19-47 
•08 
•24 
•13 
•21 
11  •60 
•06 
•26 


per  cent. 
68-78 
19-43 


11 


100-24 


100- 00 


Analyst :  H.  Bowley. 
The  carbonation  of  doleritic  and  peridotitic  rocks,  which  is 
so  common  in  the  district,  results  in  the  development  of  calcite 
and  secondary  albite  from  primary  labradorite  or  a  related  felspar. 
The  albite  thus  formed  occurs  as  a  minutely  granular  component 
of  the  altered  rocks,  associated  with  sericite,  chlorite,  and  other 
secondary  minerals. 

Oligoclase  (silicate  of  aluminium,  sodium,  and  calcium). — 
A  felspar,  probably  of  this  species,  is  a  granular  constituent  of  the 
granites  and  a  porphyritic  constituent  of  the  porphyry  dykes. 
See,  for  example,  the  description  of  [11767]  by  the  Petrologist  in 
Bulletin  43,  page  82. 

Labradorite  (silicate  of  aluminium,  sodium,  and  calcium). — 
This  is  a  prominent  constituent  of  the  little  altered  Ingliston  Ex- 
tended dolerite,  see  [11758]. 

Pyroxene,  Augite  (silicate  of  calcium,  magnesium,  iron,  and 
aluminium). — A  major  constituent  of  the  previously  mentioned 
dolerite  occurring  at  Paddy's  Flat. 

Amphlbole  (silicate  of  calcium,  magnesium  iron,  and  alumi- 
nium).— Actinolite  and  hornblende  are  abundant  near  Garden 
Gully  and  Yaloginda  in  uralitised  dolerites  and  hornblende  schists, 
which  have  been  but  little  or  not  at  all  affected  by  deep  seated 
carbonation. 

Garnet  (Almandite  ?)  (silicate  of  iron  and  aluminium). — By 
crushing  and  concentrating  100  grammes  of  a  pegmatite  forming 
a  vein  in  greenstone  schists  at  Chunderloo,  about  0  •  7  gramme  of 
garnet  of  a  pale  red  colour  was  obtained.  The  mineral  was  all  in 
more  or  less  perfect  rhombic  dodecahedra,  0-04  to  0-20  milli- 
metres in  diameter. 
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Zircon  (silicate  of  zirconium). — Occasional  minute  crystals 
of  zircon  were  observed  in  the  gold-bearing  concentrates  from 
the  Kyarra,  Fenian,  and  Ingliston  Consols  Extended  Mines,  and 
in  the  concentrate  obtained  by  crushing,  washing,  and  treating 
with  metL^'lene  iodide  a  granite  gneiss  from  near  Yaloginda. 

Sphene  (titano-silicate  of  calcium). — This  has  been  recorded 
in  the  granites  by  the  Petrologist.  The  concentrate  from  100 
grammes  of  gneissic  granite  from  two  miles  north  of  Yaloginda 
contained  many  granules  of  sphene,  as  also  did  the  auriferous  con- 
centrates from  the  Fenian,  Ingliston  Extended,  and  Ingliston 
Consols  Extended  Mines, 

Hydrous  Silicates. 

Zoisite  (hydrous  silicate  of  aluminium  and  calcium). — This 
occurs  onlj^  as  microscopic  granules  in  altered  Ume-bearing  felspars 
of  the  granites  and  metasomatic  dolerites. 

Epidote  (hydrous  silicate  of  aluminium,  iron,  and  calcium). — 
No  hand  specimens  of  this  mineral  have  been  recorded,  but  it  has 
been  observed  in  microscopic  grains  in  altered  granite,  and  more 
abundantly  in  metamorphosed  doleritic  rocks  from  various  parts 
of  the  district. 

Tourmaline  Group  (hydrous  borosilicates  of  aluminium,  sodium, 
magnesium,  and  iron). — The  minerals  of  this  group  are  not  character- 
istic of  the  ore  deposits  of  Meekatharra,  though  rarely  a  microscopic 
needle  has  been  detected  in  concentrates  from  the  mines,  e.g., 
those  from  the  Fenian  and  Ingliston  Consols  Extended.  Nor  does 
tourmaline  occur  as  a  metasomatic  product  in  the  various  altered 
greenstones  of  the  district.  Specimens,  however,  collected  by 
Mr.  Clarke  show  its  presence  in  auriferous  and  non-auriferous 
vein-quartz  and  in  vughs  in  a  ceratophyre  dyke. 

A  specimen  illustrating  the  last-named  occurrence  is  [7678], 
from  a  depth  of  80  feet  in  tlie  ceratophyre  dyke  on  the  Gwalia 
Extended  G.M.  at  the  southern  end  of  the  Paddy's  Flat  Belt. 
This  consists  of  coarsely  crystallised  quartz  and  black  tourmaline 
with  masses  of  finely  granular  albite.  Considerable  aii*  spaces  are 
present.  The  tourmaline  is  in  acicular  bundles  whicli  interpenetrate 
in  all  directions.  Tlie  colour  in  mass  is  brownish  black  ;  under 
polarised  light  the  colours  are  very  pale  smoky  yellow  parallel  to  the 
vertical  axis,  deep  Payne's-grey  at  right  angles  to  it.  The  total 
iron  in  the  mineral  is  equal  to  6-73  per  cent,  of  ferrous  oxide,  whilst 
the  magnesia  apparently  exceeds  this  amount.  The  species  is 
therefore  a  ferruginous  Kalbite. 

A.  Montgomery  records^  in  tiie  u[)i)er  levels  of  the  Gwalia 
Mine  "  much  white  kaolin,  and  this  contains  \tMns  of  quartz 
with   bunches  of  black  tourmaline  in  radiating  acicular  bundles." 

'  Kept.  Doi.t.  Miiic.H,  W.A.,  for  I<»(»7,  p.  112. 
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Vein  quartz,  apparently  non-auriferous,  from  an  abandoned 
shaft  about  midway  between  Meekatharra  and  Garden  Gully, 
contains  roughly  parallel  black  bands  owing  their  colour  to  a 
minutely  fibrous  belt  of  black  tourmaline. 

From  a  fiat  cross  reef  at  Jackson's  Group,  Mr.  Clarke  collected 
a  specimen  of  a  vein  [1  /816]  about  three  inches  wide  with  a  sharp 
line  of  demarkation  down  the  centre  parallel  to  the  walls.  One 
half  consists  of  clean  milky  quartz  in  which  no  gold  is  visible,  the 
other  half  of  a  mixture  of  quartz  and  black  acicular  tourmaline 
in  about  equal  proportions,  with  two  coarse  grains  of  gold  embedded 
in  it.  This  is  the  only  case  observed  of  gold  and  tourmaline  in 
association  at  Meekatharra. 

The  dichroism  in  all  three  cases  described  was  the  same,  in- 
dicating that  all  belong  to  the  same  species,  viz.,  Kalbite. 

Muscovite  (hydrous  silicate  of  aluminium  and  jDotassium). — 
In  the  form  of  secondary  sericite  this  mineral  is  abundant.  It 
appears  to  some  extent  as  the  result  of  alteration  of  potash  felspar 
in  the  granites  and  porphyries,  but  far  more  abundantly  as  the 
result  of  extreme  metasomatism  of  doleritic  rocks,  associated  with 
the  introduction  of  external  potash  both  from  magmatic  water 
and  from  circulating  underground  water  which  has  picked  up 
potash  during  the  weathering  of  various  rock  masses.  An  extreme 
example  of  this  is  a  sericite  schist  [1/198J  from  the  Queen  of  the 
Hill  Mine,  the  analysis  of  which,  given  below,  shows  it  to  consist 
almost  wholly  of  muscovite. 

Sericite  Schist,  Meekatharra. 

per  cent. 


Silica   47-21 

Alumina   31  27 

Ferric  oxide     . .        .  .        . ,        . .  1-43 

Ferrous  oxide  . .        . .        . .        . .  -33 

^Magnesia         . .        . .        . .        . .  1-64 

Lime     . .        . .        . .        .  .        . .  14 

Soda   -14 

Potash   11-12 

Water  below  100°   -06 

Water  above  100°   4-37 

Titanium  oxide         ,.        ..        ..  2-56 


100-27 


Sp.  Gr   2-86 


Analyst :   H.  Bowley. 

A  similar,  almost  pure  sericite  rock  was  also  collected  from 
a  band  in  sheared  amphibolite  on  the  Two  Bells  Lease  at  Yaloginda. 

Apart  from  these  extreme  examples,  small  quantities  of  sericite 
are  distributed  widely  throughout  the  masses  of  altered  dolerites. 

The  alteration  under  similar  conditions  of  the  most  basic 
rocks  carrying  chromite  has  produced  not  typical  muscovite,  bu 
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the  chrome  bearing  variety,  Fuchsite.  The  first  record  of  this 
unusual  and  interesting  mineral  in  Western  Australia  was  made  by 
the  writer  in  1900^  on  material  collected  at  the  Kalgoorlie  North 
End.  Subsequently  it  was  recognised  as  abundant  at  Kanowna, 
Menzies,  Meekatharra,  Sherlock  Station,  and  elsewhere.  It  is 
invariably  found  within  or  adjacent  to  crushed  and  highly  meta- 
somatised  peridotites  (possibly  at  times  pyroxenites)  whose  alter- 
ation has  been  influenced  by  intrusions  of  potash-bearing  rocks, 
usually  porphyries.  It  is  produced  by  the  deep  seated  alteration 
of  aluminous  silicates  (such  as  the  secondary  edenite  or  aluminous 
actinolite  of  serpentines  or  metasomatic  pyroxenites,  or  the  chlorite 
of  talc-chlorite  rocks)  and  of  the  associated  granules  of  chromite 
hy  carbonic  acid  and  potash  bearing  waters  at  high  temperature 
and  pressure.  Chromite,  under  all  other  conditions  so  resistant 
to  alteration,  is  completely  decomposed  under  these  conditions. 
At  the  same  time  the  serpentine  or  talc  is  also  attacked.  The 
initial  minerals  are — 

Serpentine,  H4  (Mg,  Fe)3  SigOg,  or  Talc,  H2(Mg,  re)3  Si40i2. 

Edenite,  (Mg,  Fe),A]4Si20i2,  or  other  aluminous  Amphibole  or 
Chlorite. 

Chromite,  reCr204. 

The  resulting  products  are — 
Mesitite,  (Mg,  Fe)C03. 
Quartz,  8i02. 

Fuchsite,  H2K(A1,  Cr)3Si30i2. 
Talc,  H2(Mg.Fe)3Si40i2. 

This  combination  of  minerals  being  that  commonly  found  in  most 
of  tlie  localities  mentioned. 

The  action  has  plainly  involved  the  absorption  of  much  external 
carbonic  acid  and  potash,  whose  source  must  be  looked  for  in  the 
later  porphyry  or  granite  intrusions.  The  changes  which  result 
in  the  production  of  fuchsite  are  probably  those  represented  in  the 
following  equation,  the  silicic  acid  in  which  is  derived  from  as- 
sociated serpentine  undergoing  simultaneous  alteration  by  carbonic 
acid. 

(Mg,  Fe)2Al4Si2()i2  +  FeCr2()4  +  4  Hg^iOg  +  2  KHCOa    ]  H.COg 
p]denit(5  Chromite 

yield 

3(Mg,  Fe)  COg  +  2  H2K  (Al.  ('1)3  SiaOja  +  4  H^i). 
Mesitite  I^'uchsite 

Tli(?  fuchsit(5  of  Mo(^katharra  is  of  a  bright  eincM-ald  gr(M'n  colour, 
oi  slightly  varying  sliaxh's.  Jt  is  at  times  fairly  evenly  distributed 
in  niicrosco})ic  s(;ales  throughout  the  uniformly  granular  mesitite- 
quartz  rock,  as  for  example  in  sj)ecimens  collected  from  the  2()()ft. 
level  at  the  (jilobe  Mine,  giving  the  whole  rock  an  almost  uniform 
rich  green  colour.  Such  a  rock,  if  it  could  be  obtained  in  blocks  of 

'  All.  K<  |>t.  of  Mir  (i.S.W.A.  for  11)00,  ji.  :?2 
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suitable  size,  would  constitute  a  highly  ornamental  stone  of  the 
marble  type  for  internal  architectural  work. 

At  other  times,  as  in  specimens  from  the  Ingliston  Extended 
mine,  the  structure  is  gneissose,  the  various  constituents  being 
in  rudely  defined  bands  or  thin  lenses.  The  fuchsite  is  then  in 
foliated  masses  often  comparatively  free  from  other  minerals. 

A  specimen  [1  /416]  of  rich  ore  from  the  spur  reef  below  No.  3 
level,  Ingliston  Extended  G.M.,  shows  abundant  fuchsite  in  some- 
what lenticular  masses  in  a  white  quartz  reef  with  a  considerable 
proportion  of  irregularly  distributed  carbonates.  Small  crystals 
of  pyrites  are  somewhat  abundant  in  the  fuchsite  masses  though 
practically  absent  from  the  rest  of  the  ore.  No  gold  is  visible. 
In  thin  section  the  fuchsite  is  faintly  pleochroic,  emerald  green  to 
bluish  green,  in  all  other  respects  it  resembles  ordinary  sericite. 

Fuchsite  w^as  detected  in  concentrates  from  the  ore  from 
two  mines  at  Paddy's  Flat,  viz.,  Commodore  and  Ingliston  Ex- 
tended 

Biotite  (hydrous  silicate  of  potassium,  aluminium,  magnesium, 
and  iron). — Biotite  occurs  as  a  rock-forming  mineral  only  in  the 
granitic  rocks.  It  is  not  seen  in  the  altered  dolerite  or  peridotite 
nor  in  any  of  the  ores.  Elsewhere  also  in  Western  Australia  biotite 
is  absent  from  the  metasomatic  gold  ores,  though  at  times,  as  at 
Ora  Banda,  present  in  small  amounts  in  the  similar  but  barren  rock 
immediately  adjacent  to  the  auriferous  zones. 

Chlorite  Group  (hydrous  silicates  of  aluminium,  iron,  and 
magnesium). — Minerals  of  probably  more  than  one  species  in  this 
group  are  amongst  the  commonest  minerals  in  the  district.  They 
are  important  constituents  of  the  variously  altered  phases  of  dolerite 
and  to  a  less  extent  in  some  of  the  altered  peridotite.  They  are 
associated  with  one  or  more  of  the  following  : — ankerite,  mesitite, 
and  talc,  with  less  abundant  albite,  quartz,  sericite,  and  rutile. 
The  deep  colour  and  high  percentage  of  ferrous  iron  in  many  ex- 
amples suggest  that  the  species  present  in  these  cases  is  Prochlorite. 

Chlorite  is  a  somewhat  important  constituent  of  the  auriferous 
shear  zones  (lode-formations)  below  water  level  in  most  of  the  mines. 

Serpentine  (hydrous  silicate  of  magnesium  and  iron). — Although 
there  are  considerable  masses  of  altered  peridotite  in  the  district, 
serpentine  is  not  a  common  rock  constituent,  a  further  alteration 
to  talc  having  been  widespread.  A  dense  unsheared  rock  from  the 
Ingliston  Extended  mine  which  was  analysed  appears  to  consist 
largely  of  serpentine.  Other  serpentinous  modifications  of  the 
peridotite  are  described  by  the  Petrologist.  The  mineral  was  de- 
tected in  concentrates  from  the  Ingliston  Extended,  Ingliston 
Consols  Extended,  and  Fenian  Mines. 

The  filling  of  a  fault  plane  traversing  the  east  lode  at  a  depth 
of  425  feet  in  the  Ingliston  Extended  Mine  is  unusually  interesting. 
The  filling  varies  from  i  to  |in.  in  thickness  and  the  centre  portion 
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is  composed  of  dark  green  foliated  serpentine  with  occasional  thin 
lenses  of  calcite.  On  either  side  of  this  central  portion  is  a  thin 
to  I  inch)  layer  of  finety  fibrous  Chrysotile  (fibrous  serpentine), 
the  fibres  lying  almost  parallel  to  the  walls  of  the  fault  owing  to 
dislocation  after  their  first  formation,  the  original  direction  of 
the  fibres  being  always  at  right  angles  to  the  face  of  the  fissure.  On 
the  outside  of  the  chrysotile  again  is  an  extremely  thin  layer  of 
dark  olive-green  massive  serpentine.  The  chrysotile  is  of  a  some- 
what unusual  colour,  dark  olive  green  and  strongly  pleochroic. 
When  examined  with  polarised  light  under  the  microscope  it  is 
chestnut  brown  parallel  to  the  elongation  of  the  fibres,  pale  greenish 
yellow  at  right  angles  thereto,  the  extinction  being  straight.  The 
fibres  divide  easily  and  are  extremely  fine  and  fiexible.  Thej^  are 
readily  decomposed  by  warm  strong  hydrochloric  acid,  leaving  a 
fibrous  residue  of  silicic  acid.  The  total  iron  present  is  equal  to 
8  per  cent,  of  FeO,  part  of  this  being  in  the  ferric  form.  The  presence 
of  these  iron  oxides  doubtless  explains  the  unusiial  colouring. 

Talc  (hydrous  silicate  of  magnesium  and  iron).— This  is  a 
very  common  rock  forming  mineral  at  Meekatharra,  and  small 
quantities  were  detected  in  all  the  auriferous  concentrates  examined. 
In  these  it  is  derived  from  the  auriferous  shear  zones.  In  the 
altered  peridotite  the  talc  is  derived  ultimately  from  olivine,  ser- 
pentine being  an  intermediate  stage.  In  the  altered  dolerite  the 
talc  is  derived  from  amphibole  or  pyroxene,  the  serpentine  mole- 
cule of  chlorite  being  again  the  intermediate  stage.  In  both  cases 
water  and  carbonic  acid  are  necessary  agents  in  the  transformation, 
which  is  represented  thus — 

2  H4  (Mg,  Fe)3Si209       3  HgCOg  yield 
Serpentine 

H2  (Mg,  Fe)3Si4()i2  +  3  (Mg,  Fe)  CO3  +  6  H^O 
Talc  Mesititei 

Talc-mesitite  rocks  are  thus  formed,  and,  when  the  carbonic  acid 
fails  to  attack  the  whole  of  the  chlorite,  a  talc-chlorite-carbonate 
rock  results.  In  the  presence  of  lime-bearing  silicates  this  carbon- 
ate may  be  wholly  or  in  part  ankerite  instead  of  mesitite.  Such 
rocks  are,  according  to  Mr.  Clarke,  of  common  occurrence  at  Meeka- 
tharra. Local  removal  of  the  carbonate  by  underground  waters 
leaves  behind  masses  of  almost  pure  talc.  A  typical  specimen 
of  this,  of  a  pale  greenish  colour  and  slightly  foliated  structure, 
was  collected  from  a  depth  of  about  170  feet  in  the  State  Battery 
Well.  A  second,  more  strongly  foliated,  and  varying  in  colour 
from  [)ale  green  to  liglit  buff  (owing  to  partial  oxidation  of  the  iron) 
was  coIl(H;ted  along  a  small  fault  ])lane  at  300  feet  in  the  Ingliston 
Kxt('nd(!d  (jlold  Mine 

Sepiolite,  Meerschaum  (liydrous  sili(;atc  of  magnesium). — 
'J'liis  occnrs  in  apprecialjlo  quantities  scattered  through  concretionary 

*0r  a  lcR8  ferruginous  inagnesltc. 
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nodules  of  magnesite,  q.v.,  Masses  of  economic  value  are  yet 
unknoMTi  and  very  unlikely  to  be  found. 

Kaolin  and  Halloysite  (hydrous  silicates  of  aluminium). — 
Kaolin  is  abundant  as  the  final  product  of  weathering  of  all  types 
of  rocks  at  Meekatharra,  where  this  action  reaches  in  many  places 
to  deptns  well  over  100  feet,  in  fact  it  is  still  marked  at  300  feet 
in  the  Ingliston  Extended  Mine,  see  Fig  18.  The  Survey  Collection 
contains  only  a  single  hand  specimen  [6972]  of  typical  halloysite, 
white  in  colour,  soft  and  waxy  in  texture.  Two  small  fragments 
from  this  specimen  had  specific  gravities  of  2-07  and  2-06,  deter- 
mined by  methylene  iodide.  It  was  decomposable  by  strong 
hydrochloric  acid.  If  we  follow  the  modern  method  of  referring 
to  the  species  Halloysite  all  colloidal  aluminium  silicates  which  are 
hydrogels  decomposable  by  strong  hydrochloric  acid,  and  in  which 
the  ratio  AI2O3  :  Si02  is  typically  1  :  2,  but  in  which  it  may  vary 
somewhat  through  the  presence  of  additional  free  colloidal  alumina 
or  silicic  acid,  then  halloysite  must  be  a  very  common  mineral 
amongst  the  local  products  of  rock  weathering,  and  possibly  is  more 
plentiful  than  true  kaolin,  confining  this  term  to  the  corresponding 
crystalline  silicate  not  attacked  by  strong  hydrochloric  acid. 

Chloropal  (hydrous  silicate  of  ferric  iron). — Typical  specimens 
of  the  soft  Pinguite  variety  were  collected  by  Mr.  Clarke  in  a  stope 
above  the  No.  3  level  in  the  Queen  of  the  Hill  G.M.  The  mineral 
occurs  freely  with  shattered  quartz  as  the  filling  of  a  small  fissure 
in  the  fine  grained  "  flecked  schists  "  (of  dolerite  origin)  seven  feet 
west  of  the  large  jasper  bar  on  which  the  Queen  of  the  Hill  workings 
are  situated.  This  association  of  chloropal  with  jasper  bars  appears 
to  be  common  in  Western  Australia,  but  the  genetic  connection  s 
not  obvious. 

The  Meekatharra  chloropal  U  amorphous,  very  soft  (H.  1), 
waxy  in  texture  and  of  a  bright  epidote-green  colour.  After  air 
drying  for  some  months  the  specific  gravity  of  three  small  fragments 
was  determined  by  methylene  iodide  and  found  to  be  2-28,  2-28, 
and  2-27.  It  is  readily  decomposed  by  hot  strong  hydrochloric 
acid,  granular  silicic  acid  separating.  A  qualitative  examination 
showed  the  presence  of  abundant  silica,  water,  and  ferric  oxide, 
with  some  alumina,  magnesia,  and  traces  of  Ume.  The  alumina 
amounted  to  4-2  per  cent,  as  determined  by  the  phenylhydrazine 
method.  In  the  closed  tube  the  mineral  gives  off  much  water 
and  turns  black. 

Phosphates,   Sulphates,  etc. 

Apatite  (fluo-phosphate  of  calcium). — ^This  is  known  only  as 
a  minor  constituent  of  the  various  rock  masses.  An  occasional 
granule  appears  in  the  auriferous  concentrates  produced  at  the 
mines. 
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Scorodite  (hydrous  arsenate  of  iron). — Traces  of  an  arsenate 
were  detected  in  the  brown  iron  ore  of  the  upper  levels  of  the 
Kyarra  Mine.  The  arsenic  is  probably  present  as  scorodite  which 
is  the  commonest  and  most  stable  arsenate  of  iron  occurring  in 
surface  ores  in  Australia. 

Natronitrite  (nitrate  of  sodium). — This  is  comparatively  abund- 
ant in  the  underground  waters  into  which  it  finds  its  way  from  the 
surface  soil,  where  the  mineral  accumulates  in  the  drier  seasons. 

Gypsum  (hydrous  sulphate  of  calcium). — Only  one  specimen 
of  this  mineral  was  collected,  viz.,  from  the  Old  Battery  Group 
near  Garden  Gully,  but  it  is  of  fairly  frequent  occurrence  in  the 
northern  part  of  the  area.  In  the  Battery  Group  specimen  it  is 
in  clear  colourless  masses,  with  columnar  structure,  scattered 
through  comjDletely  kaolinised  chlorite  rock. 

Epsomite  (hydrous  sulphate  of  magnesium). — Large  quantities 
of  epsomite  are  dissolved  in  the  underground  waters.  An  efflor- 
escence, partly  fibrous,  partly  granular,  from  the  walls  of  a  drive 
in  the  workings  on  the  Black  Jack  Group,  was  found  to  consist 
of  about  two  parts  of  fibrous  salt  (NaCl)  with  one  part  of  granular 
epsomite.  A  second  efflorescence  from  walls  of  weathered  porphyry 
at  30  feet  depth  in  the  Ingliston  North  G.M.  was  found  to  be  prac- 
tically pure  epsomite.  It  was  quite  white  in  colour  and  fibrous 
in  structure. 

Natrojarosite  (hydrous  sulphate  of  iron  and  sodium). — A 
bright  yellow  ochre  occurring  in  quartz  at  the  No.  2  level.  Commo- 
dore G.M.,  yielded  an  acid  water  on  heating  in  a  close  tube,  and 
was  proved  to  contain  small  quantities  of  sulphuric  oxide  insoluble 
in  water.    This  is  probably  present  as  natrojarosite. 

Addendum  to  Minerals. 

Pseudobitumen  (mainly  a  mixture  of  nitrogenous  organic 
compounds). — An  account  of  the  minerals  of  Meekatharra  would 
not  be  complete  without  some  reference  to  this  substance  (often 
called  "dung-bitumen"),  a  deposit  of  which  was  found  by  Mr. 
Talbot  in  a  small  cave  in  a  granite  breakaway  a  short  distance 
west  of  the  Garden  Gully  Road,  3f  miles  north  of  Meekatharra. 
This  substance  is  frequently  mistaken  for  an  oxidation  product 
of  mineral  oil,  being  not  unlike  asphaltuni  in  outward  appearance. 
It  is,  however,  immediately  distinguisliahh*  from  asphalt  by  its 
distinctive;  aromatic  smell  and  by  the  fact  tliat  it  is  almost  com- 
pletely soliibl(!  in  water,  whilst  asphaltum  is  quite  unaffected  by 
water.  The  solution  in  water  contains  piincipally  organic  nitrogen 
corn))oun(ls,  togetfier  with  compounds  of  ammonia  and  potash,  and 
Hoinetinuis  a  little  salt.  Th(;  insoliibh;  matter  is  sand  and  (hist, 
witli  ofl  times  small  twigs,  a  little  hair,  fragm(>nts  of  bone,  the 
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elytra,  of  beetles,  and  other  animal  debris.  A  study  of  this  sub- 
stance from  various  localities  in  the  State  leaves  no  doubt  as  to 
its  nature  and  origin.  Rain  water  percolating  through  accumula- 
tions of  marsupial  or  bat  guano,  usually  in  cave  shelters,  dissolves 
out  soluble  organic  compounds  and  inorganic  salts,  and  the  solution 
on  drying,  where  it  has  collected  in  little  hollows,  or  as  it  trickles 
down  tlie  walls  of  lower  caverns,  deposits  its  dissolved  and  suspended 
matter  in  the  form  of  a  black  or  dark  brown,  compact,  asphalt- 
like mass. 

THE  COMPOSITION  OF  THE  AURIFEROUS. 
CONCENTRATES. 

Several  samples  of  concentrates  from  gold  ores  were  collected 
by  Mr.  Clarke  and  examined  in  the  Laboratory  with  a  view  to 
throwing  light  upon  the  mineral  associates  of  the  gold  in  the  Meeka- 
tharra  area,  and  to  assisting  the  mine  managers  in  developing 
satisfactory  methods  of  metallurgical  treatment.  The  concentrates 
were  obtained  from  the  Kyarra,  Commodore,  Marmont,  Fenian, 
Ingliston  Extended  and  Ingliston  Consols  Extended  Mines.  With 
the  exception  of  those  from  the  Kyarra,  Commodore  and  Marmont 
the  samples  were  obtained  from  existing  concentrating  plants, 
and  were  sufficiently  large  for  extensive  investigation.  Those 
from  the  Kyarra  Mine  were  on  the  other  hand  very  small  samples 
obtained  by  hand  concentration  by  Mr.  Clarke  himself,  and  too 
small  for  any  detailed  work  to  be  done  on  them. 

Three  methods  of  examination  were  utilised  : — 

(1)  Direct  chemical  determination  of  important  elements 

and  radicles. 

(2)  Separation  with  heavy  solutions,  viz.,  methylene  iodide 

of  several  strengths  from  a  density  of  2-7  to  3 -3. 

(3)  Microscopic  examination. 

These  were  supplemented  by  examination  of  typical  specimens 
of  the  ores  from  which  the  concentrates  were  derived. 

Ingliston  Extended  G.M.  Concentrates. — These  appear  to 
have  been  derived  almost  wholly  from  sulphide  ore.  Having 
been  exposed  to  the  air  in  a  damp  condition  some  of  the  sulphides 
had  partly  oxidised  and  rusted  the  whole  mass.  Under  these 
conditions  a  complete  microscopic  examination  was  difficult.  The 
following  minerals  were  however  plainly  detected  : — 

Pyrite,  arsenopyrite,  one  or  more  rhombohedral  carbonates, 
fuchsite,  limonite,  quartz,  black  iron  ores  (ilmenite,  etc.),  talc, 
sphene,  native  gold. 
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A  partial  analysis  was  made  with  the  following  results 


3  ozs. 

6  d.vts.  10  grs.  per  ton. 

Silver 

8  d  vts.  17  grs. 

Sulphur 

13 

84 

per  cent. 

Arsenic 

.  11 

59 

Silica   

.  15 

70 

Lime 

2 

48 

Magnesia 

.  10 

60 

Acid  soluble  Iron,  Fe     .  . 

.  23 

85 

Carbonic  acid 

8 

70 

Soluble  Alumina  and  Titania 

3 

57 

From  these  figures  and  from  separations  made  with  methylene 
iodide  of  several  specific  gravities,  the  mineral  composition  was 
deduced  to  be — 

^Arsenopyrite 
Pyrite 
Magnetite 

Minerals  with  Specific  J  Limonite  and  Rust 


Minerals  with  Specific 
Gravity  under  3  •  0 


and  Rutile 
Native  Gold 
Mesitite 
f  Calcite 

Serpentine  and  Chlorite 
-i  Talc 

Sericite  and  Fuchsite 
(^Quartz 


25-  3  per  cent. 
16-7 

2-9 


30 
present 
14-6 

4-4 
10  6 

91 

8-4 

41 


100  0 


Analyst :  E.  S.  Simpson.   

Tt  is  probable  that  part  of  the  calcite  and  mesitite  are  com, 
bined  together  to  form  ankerite.  No  blende,  galena,  chalcopyrite- 
tennantite,  stibnite,  or  bismuthinite  were  observed. 

Fenian  G.M.  Concentrates. — These  appear  to  have  been  derived 
mainly  from  sulphide  ore. 

Recognisable  under  the  microscope  were — arsenopj^rite,  pj^rite, 
carbonates,  talc,  quartz,  sphene,  rutile,  tourmaline,  and  zircon. 

The  following  results  of  direct  estimations  are  recorded  : — 

Gold 
Silver 
Platinum 


Sulphur  , . 
Arsenic    .  . 
Iron,  Fc 
Iron  oxide, 
Sihca 
Lime 
Magnesia 
Alumina 
Titania    .  . 
Carbonic  acid 
Nickel 


Fe( 


2ozgi.  3d, vts.  13grs.  per  ton 
6  dwts  13grs.  „ 

Ml 

21-37  per  cent. 

30-60 

29-87 

2-  36 
4-84 

1-  11 

3-  67 

2-  54 
•  23 

3-  42 
trace 


100-01 


No  other  heavy  metal  was  detected. 
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The  approximate  mineral  composition  of  the  concentrates  is — 


IVIinerals  with  Specific^ 
Gravity  3  •  0  and' 
over 


Iklinerals  with  Specific  J  ^^^^ 
Gravity  under  3  •  0  - 


''Arsenopyrite 

Pyrite 

Limonite  " . . 

Sphene  •  . . 

Rutne,    Tourmaline  and 
Zircon   . . 

Native  Gold 
^Mesitite 

f  Calcite 
Serpentine  and  Chlorite, 


I  Sericite 
Quartz 


Analyst :  H.  Bowley. 

Concentrates. 


66-4   per  cent. 
15-3 
1-2  „ 
•4 


present 
5-6 

1-8 
5-3 
1-9 
•5 
1-5 

100  0 


-These  were  derived  from  sul- 


Marmont  G.M. 

phide  ore. 

Under  the  microscope  were  seen — 

Arsenopyrite,  largely  in  crystals  which  were  a  combination 
of  the  unit  prism  (110)  with  the  unit  macrodome  (101). 

Pyrite,  mostly  crystallised  in  pentagonal  dodecahedra,  rarely 
in  cubes. 

Quartz,  carbonates,  talc,  sericite,  limonite,  native  gold,  and 
a  granular  mineral  like  rutile. 

The  analytical  figures  obtained  were — 

Gold 
Silver 
Sulphur 
Arsenic    . . 
Silica 
Lime 
Magnes'a 
Acid-soluble  Iron 
Carbonic  acid    . , 

No  compounds  of  zinc,  lead,  copper,  antimony,  or  bismuth  could 
be  detected. 

The  approximate  mineral  composition  calculated  from  the 
results  obtained  was — 


2  ozs 

8  dwts.  14  grs.  per  ton. 

5  dwts.  20  grs.  „ 

27-51 

per  cent. 

29-77 

3-12 

Nil 

•47 

35-96 

1-28 

f  Arsenopyrite 
Specific  Gravity  3-0  J  Pyrite 
and  over 


Specific  Gravity 
under  3  0 


j  Limonite  and  Rutile 
(^Mesitite  and  Siderite 

f  Chlorite  and  Serpentine 
J  Talc 
j  Sericite 
(.Quartz 


64-  7  per  cent. 
27-5 

2-8 

•5 
10 
10 
20 


Analyst:  H.  P.  Webb. 


100  0 
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Ingliston  Consols  Extended  G.M.  Concentrates. — These  appeared 
to  be  derived  mainly  from  sulphide  ore. 

The  minerals  recognised  under  the  microscope  were  : — Arseno- 
pyrite,  pyrite,  carbonates,  talc,  sericite,  quartz,  rutile,  sphene, 
tourmaline,  zircon,  epidote,  magnetite,  tennantite,  and  gold. 

The  following  analytical  results  were  obtained  : — 


Gold 
Silver 
Platinum 
Sulphur  . . 
Arsenic    . . 
Iron,  Fe 
Iron  oxide,  FeO 
Nickel     . . 
Copper    . . 
Silica 
Lime 
Magnesia 
Alumina  . . 
Titania    . . 
Carbonic  acid 
Water,  alkalis,  etc. 


1  oz.  19  dwts.  17  grs.  per  ton. 
5  dwts.    2  grs.  „ 

Nil 

20-94  per  cent. 

28-69 

28-59 

4-90 
•36 
traces 

3-54 


100-00 


Chemical  analysis  pointed  to  the  presence  of  calcite  and  mesitite, 
and  confirmed  the  presence  of  small  amounts  of  tennantite,  also 
the  absence  of  any  other  sulphide  than  those  recognised  under  the 
microscope. 

The  approximate  mineral  composition  of  the  concentrates  is — 


Specific  (Jravity 
and  over 


3-0 


Specific  Gravity 
under  3-0 


f  Arscnopyrite 

62-4    per  c 

Pyrite 

16-2 

Limonite  and  Rust 

3-9 

J  Rutile 

•2 

'  Magnetite,  Sphene,  Zircon, 

Tourmaline,  Epidote, 

Tennantite 

traces 

^Mesitite     . . 

7-6 

C  Calcite 

1-9 

1  Serpentine  and  Cldorite  . . 

3-7 

-{  Talc   

1-4 

1  Sericite 

1-7 

(^Quartz 

1-0 

1000 

Analyst :   \\.  liowloy. 
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Commodore  G.M.  Concentrates. — These  were  quite  different 
from  those  previously  described  in  that  they  contained  only  a 
very  small  proportion  of  metallic  sulphides,  and  assayed  low  in 
gold.    They  resemble  rather  unconcentrated  sands. 

The  minerals  detected  under  the  microscope  were  : — Quartz, 
carbonates,  browTi  iron  ore  partly  pseudomorphous  after  pyrite, 
arsenopyrite,  pyrite  (in  pyritohedra  and  in  cubes  modified  by  the 
pjTitohedron),  fuchsite,  rutile,  chromite,  apatite,  and  gold.  Blow- 
pipe tests  showed  that  whilst  most  of  the  brown  iron  ore  was  turgite, 
the  pseudomorphs  were  limonite. 

A  chemical  analysis  yielded  the  following  results  : — 
Gold       . .        . .        . .        . .        . .  3  dwts.  6  grs.  per  ton. 


SHver  

. .  1  dwt. 

2  grs. 

Sulphur  . . 

1-34 

per  cent. 

Arsenic    . . 

1-20 

Iron,  Fe 

1-62 

Iron  protoxide,  FeO    . . 

401 

>> 

Iron  sesquioxide,  Fej  O3 

..  11-46 

5> 

Silica 

..  5504 

>> 

Lime 

..  2-08 

Magnesia 

..  7-56 

J> 

Manganese  oxide 

•43 

Alumina  .  .        . . 

..  3-80 

Titania    .  . 

•25 

Carbonic  acid    . . 

..  930 

55 

Copper    . . 

•30 

Chromium  oxide 

•21 

Phosphoric  oxide 

trace 

Water,  alkalis,  etc. 

1-40 

5> 

100  00 

The  absence  of  any  sulphide  other  than  those  recognised  under 
the  microscope  was  proved,  as  also  the  presence  of  malachite, 
ilmenite,  and  rutile,  mesitite  and  dolomite. 

The  mineral  composition  was  calculated  to  be  : — 


f  Arsenopyrite 
I  Pyrite 
I  Malachite 

Minerals  with  Specific  |  Turgite  and  Limonite 
and  Rutile 

Jlmenite    . . 
Chromite  . . 
Gold,  Apatite 
^Mesitite 


Gravity  3  0 
over 


f  Dolomite 
^  Serpentine  and  Chlorite 


Minerals  with  Specific  ^  Talc 

Gravity  under  3-0    I  Fuchsite  and  Sericite 
Quartz 


12- 


6  per  cent. 
6 
4 
1 

•1 
•3 
•3 

traces 
12^9 

6^8 
70 
1^6 
5^6 
48^7 


100- 0 


Analyst :  H.  Bowley. 
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Kyarra  G.M.  Concentrates. — Several  very  small  packets  of 
concentrates  produced  by  hand  washing  from  single  dishes  of 
oxidised  ore  were  submitted  by  Mr.  Clarke.  These  were  too  small 
for  very  detailed  examination.  The  results  obtained  are  tabulated 
below. 


JNo. 

lloi. 

77  DO, 

77ba, 

7770. 

Source. 

Maui  ore 

iailings 

Jsorth  ore 

oUit. 

body. 

dump. 

body. 

JL.evei. 

% 

% 

% 

% 

Arsenopyrite  and  Pyrite    . . 

2-0 

Carbonate  (Ankerite?) 

little 

little 

little 

Iron  scale 

Aft.  9 
Do  A 

lO  u 

Iron  hydrates 

\  8-3 

17-8 

21-9 

33-5 

Talc     ..  •  •  

little 

little 

Sericite  •  •    . . 

4-4 

little 

Quartz  •  •  •  . . 

21-5 

77-2 

63- 1 

5-1 

Asbestos    •    . . 

little 

Zircon    •  •    . . 

little 

Scorodite  ?     . . 

•2 

little 

Native^^Gold  . . 

little 

little 

little 

31-2 

100-0 

100  0 

100  0 

100-0 

In  two  of  these  concentrates  a  little  AS2O5  was  detected,  and  this 
is  tentatively  ascribed  to  the  presence  of  scorodite  (hydrous  ferric 
arsenate)  which  is  the  commonest  arsenate  occurring  in  auriferous 
quartz  reefs  throughout  Australia. 


1st  July,  1916. 
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THE    UNDERGROUND    WATERS  OF 
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During-  Mr.  E.  de  C.  Clarke's  survey  of  the  Meekatharra  Area 
in  1914/5j  eleveii  typical  samples  of  underground  waters  were 
collected  and  subsequently  analysed  in  the  Geological  Survey 
Laboratory.  The  results  of  these  analyses  are  given  in  the  ac- 
companying tables,  together  with  the  results  of  analyses  of  two 
other  waters  from  the  same  district  made  in  previous  years,  and 
one  made  just  recently.    The  complete  list  is  as  follows : — 

[5372.]  Kyarra  Gold  Mine,*  Garden  Gully.  Rock, 
chlorite  schist  (sheared  dolerite),  with  quartz  veins. 

[7233.]  Mines  Water  Supply  Well,  No.  3,  Water  Reserve 
10663,  Garden  Gully.    Rock,  weathered  chlorite  schist. 

[7234.]  Mixed  water  from  Mines  Water  Supply,  Wells 
Nos.  3  and  5,  Water  Reserve  10663,  Garden  Gully.  Rock, 
weathered  chlorite  schist^.  Eighteen  million  gallons  were 
drawn  from  four  adjacent  wells,  between  1st  July,  1914,  and 
1st  July,  1915. 

[1274.]  Well  on  State  Battery  Reserve  9142,  Meeka- 
tharra. Rock,  altei-ed  peridotite  near  junction  with  sheared 
dolerite  on  east  side;  porphyry  dyke  at  short  distance  to 
west. 

[2085.]  Shaft,  Commodore  Korth  Gold  Mine,  Paddy's 
Flat,  Meekatharra.  Now  drained  dry  by  Commodore  Mine. 
Rock,  junction  of  altered  ])eridotite  with  sheared  dolerite, 
near  albitc-porphyry  dyke. 


The  position  of  these  mines  and  wells  is  shown  on  Plate  XXI. 
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[7052.]  300ft.  Level,  West  Lode,  Commodore  Gold  Mine, 
Paddy's  Flat,  Meekatharva.  Rock,  quartz  veins  in  sheared 
dolerite  (carbonated),  close  to  junction  with  fuchsite-mesi- 
tite  rock.    Supply,  about  15,000  gallons  a  day. 

[7051.]  400ft.  Level.  East  Lode,  Commodore  Gold  Mine. 
Paddy's  Flat,  Meekatharra.  Rock,  lode  close  to  junction  of 
sheared  and  carbonated  dolerite  with  fuchsite-mesitite  rock. 
Supply  about  4,000  gallons  a  day. 

[6925.]  Main  West  Crosscut  at  425  feet,  Ingliston  Ex- 
tended Gold  Mine,  Paddy's  Flat,  Meekatharra.  Rock,  altered 
peridotite,  close  to  junction  of  fuchsite-mesitite  rock  and 
sheared  peridotite,  near  dyke  of  porphyry. 

[6715.]  Drive  at  450  feet.  Queen  of  the  Hill  Gold  Mine, 
Paddy's  Flat,  Meekatharra.  Water  from  lode  along  fault, 
with  jasper  on  one  wall,  and  fine  sheared  dolerite  and  altered 
peridotite  on  the  other. 

[6974.]  No.  2  Level,  off  new  Main  Shaft  at  320  feet, 
Marmont  Gold  Mine,  Paddy's  Flat,  Meekatharra.  Rock, 
quartz  porphyry,  near  contact  with  peridotite  sohists. 

[6924.]  210ft.  Level,  close  to  Main  Shaft,  Globe  Gold 
Mine,  south  of  Paddy's  Flat,  Meekatharra.  Rock,  fuchsite- 
mesitite  rock.    Supply  about  6,000  gallons  a  day. 

[6793.]  170ft.  Level  in  Main  Shaft,  Rocklee  Gold  Mine, 
Yaloginda.  Rock,  soft  greenstone  schist  (sheared  amphibolite). 

[9279.]  Well  on  Domestic  Water  Supply,  Reserve  13931, 
4^/2  miles  E.N.E.  of  Meekatharra.  Rock,  granite  wash  over- 
lying greenstone,  close  to  large  area  of  granite.  Four  million 
gallons  were  obtained  from  the  wells  on  this  Reserve  between 
Ist  July,  1914,  and  1st  July,  1915. 

Meekatharra  is  situated  in  latitude  261/2°  south  on  the  great 
central  plateau  of  Western  Australia,  near  its  highest  point.  The 
mean  ehn^alion  of  the  district  is  about  1,700  feet  above  sea  level; 
the  highest  point  near  the  township  reaching  to  1,800  feet,  and 
the  surface  falling  to  1,550  feet  at  a  distance  of  10  miles  to  the 
south-west.  About  tlie  site  of  the  town  i  I  self  is  an  appreciable 
water-shed  between  th^'  nsually  diy  sticam  beds  leading  on  the 
south-east  side  to  the  inhind  hasin  of  Lake  Annean,  and  on  the 
north-west  side  to  tlie  Upper  Murcliison  River  and  thence  ulti- 
mately to  the  sea,  fnmi  which  Mcckat harni  is  disliinl  Mboui  280 
mih's  in  a  direct  line. 

or  the  ('((iiiour  of  llic   undnlMling  surface  const  it  nting  tiu' 
water  level  nndergi-onnd   (tlu'  water  table),  little  is  known  ex 
cept  that  at  limes  its  slope  is  (|uite  dilTerent  to  that  of  the  groimd 
Kiirl'ace.     Tims   between    tlie    Domestic    Water   L'eserxc   and  tli(> 
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Marmont  Mine,  there  is  a  surface  rise  towards  the  latter  of  about 
30  feet,  but  a  fall  in  the  underground  water  level  of  about  70  feet.* 

The  average  rainfall  is  Ioav,  viz.,  10.57  inches  for  the  period 
of  1909/15.  At  the  same  time,  it  is  very  irregular,  several  inches 
of  rain  falling  occasionally  in  a  few  days,  and  the  yearly  fall 
varying  from  4.87  to  20.31  inches.  The  evaporation  must  be  enor- 
mous. No  actual  figures  are  available  for  this  centre,  but  in  others 
similarly  situated  on  the  central  plateau,  it  varies  from  80  to  160 
inches  per  annum.  Under  such  conditions,  there  is  no  surface 
water,  except  at  rare  intervals;  the  water  level  underground  is 
usually  below  100  feet  in  depth  and  only  rarely  does  any  large 
quantity  of  meteoric  water  penetrate  into  the  underground  supply. 

The  geological  structure  lias  been  worked  out  by  Mr.  Clarke. 
It  consists  in  the  main  of  a  very  ancient  complex  of  igneous  rocks, 
comprising  gTanitic,  doleritic  and  peridotitie  types,  all  in  places 
massive,  in  others  more  or  less  highly  sheared  and  to  a  consider- 
able extent  carbonated  in  certain  zones.  Associated  with  these  are 
some  ancient,  Devonian?,  sediments.  The  igneous  rocks  are  traversed 
by  jasper  bars,  and  also  by  quartz  reefs  and  shear  zones  con- 
taining gold  and  with  it  below  water  level,  a  comparatively  small 
proportion  of  pyrite  and  arsenopyrite.  The  iilane  of  schistosity 
agrees  with  the  strike  of  the  lodes  and  some  smaller  more  com- 
pact dykes,  being  N.  40°  E.,  in  which  direction  the  underground 
waters  are  most  free  to  flow,  whilst  at  right  angles  to  it,  their 
movement  is  barred  almost  completely.  Except  for  the  recent 
surface  loess  and  alluvium,  there  appear  to  be  no  post-paleozoic 
sediments  in  the  immediate  vicinity  and  no  certain  evidence  that 
any  part  of  the  adjacent  country  has  been  submerged  beneath  the 
ocean  since  Devonian  or  Carboniferous  times. 

The  only  remaining  factor  affecting  the  composition  of  the 
underground  water  is  the  vegetation.  Of  this  very  little  informa- 
tion is  available.  The  most  conspicuous  plant,  however,  is  the  shrub 
known  as  mulga,  a  variety  of  Acacia  (Ord.  Leguminosae) .  Smaller 
leguminous  plants  are  also  doubtless  present.  The  late  Dr.  Mor- 
rison, Government  Botanist  for  the  State,  was  of  opinion  that 
the  Acacias  and  other  native  leguminous  plants  had  an  appreciable 
effect  in  stimulating,  through  associated  micro-organisms,  the  pro- 
cesses of  nitrification  in  the  soil.  At  the  same  time,  nitrification 
is  found  to  proceed  rapidly  in  other  parts  of  the  interior 
now  under  wheat  cultivation  and  entirely  cleared  of  all  legu- 
minous plants.  On  the  other  hand,  nitrates  are  absent  from  the 
Avaters  on  the  goldfields  of  the  central  plateau,  south  of  30  deg. 
south  latitude,  where  there  is  apparently  a  balance  between  the 
amount  of  nitrates  produced  in  the  soil  by  micro-organisms  and 
that  utilised  by  the  higher   plants  growing  in  association  with 


*  For  further  figures  regarding  this  see  Mr.  Clarke's  Table  ou  page  32. 
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them.  In  the  Murchison  Area  this  balance  does  not  appear  to 
prevail,  more  nitrates  being  produced  in  the  soil  than  can  be 
absorbed  by  the  vegetation.  In  this  way  only  does  it  appear  pos- 
sible to  account  for  the  abundance  of  nitrate  ion  in  the  under- 
ground waters  over  a  large  area  which  embraces  Meekatharra 
within  its  boundaries. 

The  waters,  as  they  now  stand,  are  undoubtedly  mixtures  and 
their  contained  solids  may  be  traced  to  various  origins.  Of  these 
the  chief  seem  to  be: — 

(1.)  Residual  oceanic  water,  carrying  normal  oceanic 
salts  (cyclic  salts).  These  in  decreasing  order  of 
importance,  are  sodium  chloride,  magnesium  chlor- 
ide, magnesium  sulphate,  calcium  sulphate,  potas- 
sium chloride  and  calcium  carbonate. 

(2.)  Rainfall  of  present  and  past  ages,  carrying  carbonic 
acid,  oxygen  and  cyclic  salts,  the  last  named  in  \ery 
small  total  proportion,  but  in  approximately  the 
same  relative  proportion  as  the  oceanic  waters 
froDj  which  the  rain  was  derived. 

(3.)  Soluble  nitrates  formed  in  the  top  layers  of  the  soil 
by  micro-organisms,  dissolved  in  the  rain  water  and 
carried  into  the  underground  supply. 

(4.)  Soluble  products  of  decomposition  and  direct  solution 
by  rain  water  of  the  rocks  and  their  contained  lodes. 
These  are  mainly  carbonates  of  calcium,  magnesium, 
sodium,  and  potassium,  with  smaller  quantities  of 
sulphates  of  the  same.  Sulphates  of  iron  are  only 
formed  transiently  from  pyrites  as  they  are  rajndly 
precipitated  by  the  superabundant  carbonates  and 
oxygen. 

(5.)  Residual  magmatic  waters  given  off  by  the  cooling  of 
masses  of  igneous  rocks  and  containing  in  the  early 
stages  a  large  number  of  constituents,  but  as  cooling- 
proceeds  probably  mainly  salts  of  the  alkalies  to- 
gether with  carbonic  acid. 

To  what  extent  each  of  iliese  sources  has  contributed  to  the 
present  mixtures  it  is  impossible  to  say,  since  any  one  component, 
such  as  for  example  sodium,  may  be  common  to  two  or  more  of 
them,  and,  further,  tlie  commingling  of  walers  from  different  sources 
invariably  leads  to  precipilalion,  leaving  in  solution  sometliing 
which  is  not  I  lie  sum  of  the  two  original  constituents.  Although 
the  details  of  this  latter  change  cannot  be  traced,  the  general  lines 
upon  which  it  proceeds  are  beyond  doubt,  because  of  the  known 
solnbilit i(>s  of  the  simple  j)r<)(lucts  of  interaction  of  the  limited 
number  of  ions  m  the  various  contributing  solutions. 
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All  chlorides  are  freely  soluble  in  water  exce]:>t  the  normal 
elilorides  and  basic  chlorides  of  certain  heavy  metals,  e.g.,  copper 
and  silver.  Unless,  therefore,  enormous  quantities  of  these  heavy 
metals  occurred  in  this  region,  and  we  know  they  do  not,  chlorine 
ion  is  never  removed  from  the  water  by  precipitation  in  appreci- 
able amounts,  but  on  the  contrary  it  accumulates  and  its  total  con- 
stantly increases  with  each  addition  of  rain  or  other  water.  Simi- 
larly all  common  salts  of  sodium  being  freely  soluble,  sodium  ion 
also  accumulates.  With  the  possible  exception  of  nitrate  ion  these 
are  the  only  components  of  the  waters  of  which  this  can  be  said. 
Turning  to  Table  III.  it  will  be  found  that  chlorine  and  sodium 
ions  between  them  account  in  one  case  for  as  much  as  75  per  cent, 
of  the  total  solid  matter,  and  are  seldom  less  than  50  per  cent. 

At  the  other  extreme  is  iron.  Although  the  freely  soluble  fer- 
rous sulphate  is  a  first  product  in  the  weathering  of  the  pyrites 
contained  in  the  rocks  and  lodes,  and  the  moderately  soluble  ferrous 
bicarbonate  in  the  weathering  of  the  rock  forming  silicates,  both 
oxidise  and  hydrolyse  readily  with  the  formation  ultimately  of  the 
very  insoluble  ferric  hydroxide  (limonite,  etc.).  This  action  is 
promoted  by  the  abundant  dolomite,  magnesite,  etc.,  in  the  rock 
masses,  which  prevent  the  water  from  developing  acidity.  Hence 
there  is  no  accumulation  of  iron  and  the  waters  show"  only  traces 
of  it  present. 

Considerable  quantities  of  potassium  salts,  all  of  which  are 
freely  soluble,  must  dissolve  in  the  water  during  its  history,  but 
since  this  metal  readily  forms  several  insoluble  secondary  silicates 
such  as  sericite,  giauconite,  and  various  zeolites,  it  is  never  allowed 
to  accumulate  to  any  great  extent.  Secondary  sericite  is  as  a 
matter  of  fact  abundant  in  the  sheared  rocks  of  the  district.  That 
potassium  may  temporarily  be  a  somewhat  important  constituent  of 
a  water  with  restricted  movement  is  shown  by  the  analysis  of  water 
from  the  east  lode  in  the  Commodore  Mine,  in  which  potassium 
amounts  to  9.80  of  the  total  solid  matter.  In  almost  all  the  other 
waters  it  is  well  below  one  per  cent. 

The  carbonates  and  bicarbonates  of  such  widespread  and  abun- 
dant metals  as  calcium  and  magnesium  are  only  slightly  soluble,  so 
that  the  monocarbonate  ion  in  these,  as  in  other  waters,  never  rises 
to  a  high  amount.  Sulphates  of  magnesium  and  calcium  are  more 
freely  soluble,  but  the  presence  of  secondary  calcite,  dolomite,  and 
j^psum  throughout  the  water-bearing  zone  point  to  the  continual 
removal  of  calcium,  magnesium  and  sulphate  ion  by  the  water 
when  it  reaches  saturation  point  for  those  compounds,  a  point 
which  is  reached  at  a  comparatively  small  concentration. 

Bearing  in  mind  this  general  course  of  precipitation  it  is  readily 
understood  why  in  all  the  waters  from  this  area  sodium  is  the 
dominating   positive   ion,  chlorine   the   dominating   negative  ion; 
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sodium  chloride  thus  constituting  slig-htly  more  than  one  half  of  the 
total  solids  obtained  from  eight  of  the  waters  and  only  slightly  less 
than  one  lialf  in  the  remaining  six. 

The  next  most  important  ions  are  magnesium  and  sulphate 
ions,  magnesium  sulphate  being  in  all  cases  but  one  the  next  most 
important  component  of  the  solid  matter.  Other  less  important 
but  ever  present  compounds  are  magnesium  chloride  and  calcium 
carbonate.  Magnesium  carbonate  appears  in  the  solid  matter  ob- 
tained by  evaporation  from  all  but  three  of  the  waters,  and  sodium 
nitrate  in  all  but  two.  This  latter  constituent  whilst  freely  dis- 
tributed throughout  the  Murchison  Area  of  this  State,  is  a  very 
unusual  coJistituent  of  mineral  waters  elsewhere.  Its  oi'igin  has 
already  been  dealt  with. 

In  sea  water  sodium  chloride  forms  nearly  three-quarters  of 
the  total  solids  whilst  the  other  common  salts  in  decreasing  order 
of  importance  are  magnesium  chloride,  magnesium  sulphate  and 
calcium  sulphate.    Nitrates  are  absent. 

The  general  character  of  the  waters,  as  a  whole,  may,  there- 
fore, be  summed  up  as  weakly  alkaline  and  saline  of  the  oceanic 
type,  with  the  addition  in  most  cases  of  important  amounts  of 
nitrates. 

The  water  samples  were  derived  from  wells  and  shafts  at 
four  dilferent  centres,  Garden  Gully,  Paddy's  Flat,  the  Domestic 
Water  Supply  Reserve  and  Yaloginda.  Of  these,  Garden  Gully 
is  eleven  miles  N.N.W.  of  Meekatharra  township,  Paddy's  Flat  im- 
mediately east  of  it,  the  Domestic  Supply  Reserve  four  and  one-half 
miles  to  the  north-east,  and  Yaloginda  six  miles  to  the  south-west. 
On  the  score  of  locality,  therefore,  they  have  been  divided  into  four 
series. 

Garden  Gully  Series. — This  comprises  the  waters  from  the 
shaft  of  the  Kyarra  Mine  and  from  two  wells  used  to  supply 
the  mines  with  water  for  milling.  No.  5  Well  slightly  over  a 
mile  south-west  of  the  Kyarra  Mine,  whilst  No.  3  Well  lies  be- 
tween the  two.  All  three  shafts  are  in  a  sheared  and  altered 
dolerite  underlying  a  flat  ^'alley  with  a  fall  to  the  west.  The  com- 
position of  the  Kyarra  water  might  be  expected  to  be  influenced 
by  tiie  pres(Mice  of  ore  bodies,  which  are  absent  in  the  case  of  the 
otlier  two  wells.  The  prevailing  N.N.E.  strike  of  the  shearing 
planes  debars  any  free  circulation  of  water  between  the  mine  and 
th.'  two  wells  to  the  west,  in  proof  of  which  Mr.  Glarke  informs 
nie  that  the  unwateiing  (vf  the  mine  had  no  effect  u[)()n  the  water 
lc\('I   in    the   two  wells. 

Tables  I.,  II.  and  III.  indicate  an  almost  complete  identity 
in  th<'  water  Ironi  Wells  and  T),  but  that  from  the  Kyarra  is 
;")()  per  eenl.  more  saline,  aiid  there  is  an  ai)pre<'ial)le  difference 
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in  the  relative  proportions  of  most  of  the  ions,  which  is  brought 
out  more  clearly  in  the  table  in  which  these  have  been  calculated 
to  salts.  Calcium  and  magnesium  are  almost  equal  in  all  three, 
the  latter  slightly  predominating.  The  nitrate  ion  is  very  similar 
and  moderately  low.  The  total  salts  are  sufficiently  low  in  all 
three  to  make  the  waters  only  slightly  brackish. 

Economically,  these  waters  would  be  looked  upon  as  good 
stock  water,  and  suitable  for  gold  milling  or  cyaniding.  As 
boiler  waters  they  would  be  corrosive  and  yield  considerable  scale 
unless  softened  previous  to  use. 

Paddy's  Flat  Series. —  These  waters  are  all  taken  from  gold 
mining  shafts  and  drives  and,  with  the  exception  of  the  water  from 
the  Globe  Mine,  are  derived  from  a  very  restricted  area  of  about 
one  and  a  half  miles  long  by  one  mile  wide.  The  Globe  Mine  is 
two  miles  to  the  S.S.W.  on  the  prevailing  line  of  strike. 

In  spite  of  the  restricted  nature  of  the  area  from  which  these 
waters  are  derived,  there  are  quite  marked  differences  between  the 
waters.  Thus  the  total  solids  vary  from  0.1097  per  cent,  in  the 
very  fresh  water  at  the  Commodore  North  Mine  to  1.3513  per  cent, 
in  the  salt  water  from  the  Marmont  Mine,  distant  one  and  a 
quarter  miles  away  on  a  surface  contour  only  30  feet  lower,  but 
from  a  deeper  shaft.  Other  differences  are  brought  out  most 
clearly  by  Table  III.,  which,  neglecting  the  degree  of  concentra- 
tion, brings  out  am'  differences  in  the  relative  proportions  of  the 
metals  and  radicles  forming  the  dissolved  solid  matter. 

The  wide  variation  in  tlie  nitrates  present  is  evidenced  by 
the  figures  for  the  nitrate  ion,  NO,,  which  vary  from  nil  in  the 
water  from  the  Fenian  Mine  to  12.41  per  cent,  of  the  total  solids, 
equal  to  17.0  per  cent,  of  sodium  nitrate,  in  that  from  the  West 
lode  of  the  Commodore  Mine.  Mr.  Clarke  informs  me  that  this 
latter  lode  channel  is  a  very  porous  one  with  many  vughs,  which 
wo'ild  amply  explain  the  low  concentration  of  salts  in  the  water  and 
thb  high  relative  proportion  of  nitrate,  both  being  due  to  free  in- 
filtration of  rain  water.  The  greatest  actual  concentration  of 
nitrates  is  in  the  water  from  the  Marmont  Mine,  which  contains 
25.34  grains  sodium  nitrate  per  gallon  (0.0362  per  cent.).  This  is 
the  largest  amount  ever  found  in  any  water  in  the  vState. 

Most  noticeable  is  the  difference  between  the  two  waters  from 
the  Commodore  Mine,  collected  from  two  parallel  lodes  only  100 
feet  apart.  This  is  most  prominent  in  the  figures  for  total  salinity, 
nitrate  ion,  carbonate  ion,  potassium,  and  calcium.  There  is  evi- 
dently no  free  circulation  between  these  two  lodes  through  the  small 
intervening  mass  of  doleritic  schist. 

Very  marked  again  are  the  differences  between  the  waters 
from  the  Fenian  and  Marmont  Mines  obtained  from  shafts  less  than 
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ten  chains  apart  and  on  the  same  general  strike  of  country.  The 
Marmont  water  is  nearly  twice  as  saline  as  that  from  the  Fenian, 
and  is  quite  different  in  the  relative  proportions  of  nitrates,  calcium, 
and  -mag-nesiimi. 

With  these  facts  before  one,  one  is  driven  to  the  conclusion 
that  even  in  the  restricted  area  of  Paddy's  Flat  there  is  no  free 
undergTound  circulation  of  the  text  book  type,  but  on  the  contrary 
even  along  the  lines  of  foliation  the  movement  is  small  and  slow, 
and  across  them  and  across  the  occasional  compact  dykes  of  por- 
phyry and  little  altered  dolerite  it  is  almost  nil. 

No  definite  relationship  has  been  established  between  tlie  com- 
position of  the  waters  in  this  area  and  the  enclosing  rock,  which  in 
most  cases  is  a  complex  of  much  altered  dolerite  and  peridotite. 

Domestic  Supply  Series. — The  Avells  from  which  the  supply  of 
domestic  water  for  Meekatharra  is  obtained  are  all  within  a  small 
area,  and  are  sunk  in  permeable  granite  debris.  Their  total  salinity 
is  less  than  that  from  any  other  part  of  the  area  under  review. 
Samples  from  Nos;  2  and  3  wells,  taken  on  the  same  day  and 
analysed  by  the  Government  Analyst,  were  identical  with  one 
another,  and  except  in  degree  of  concentration  with  that  from  No. 
1  well  taken  six  months  earlier,  an  unusually  rainy  winter  interv  en- 
ing,  and  from  one  of  the  wells  taken  eight  months  later  (9279). 
To  the  porous  nature  of  the  ground  which  permits  of  ready  pene- 
tration of  rain  water,  and  to  the  shallow  water  level  (30  feet)  and 
gsneral  situation,  which  does  not  permit  of  accumulating  drainage 
from  low-lying  saline  water  levels,  must  be  ascribed  the  unusual 
parity  of  the  water  in  this  locality.  The  water  contains  a  notable 
amount  of  sodium  nitrate,  derived  from  tlie  soil  in  the  immediate 
vicinity;  but  for  this  it  would  be  an  excellent  drinking  Avater. 

Yaloginda. — A  single  sample  of  water  was  collected  at  this" 
locality.  It  is  low  in  total  salinity,  approaching  in  this  respect 
the  waters  from  the  Kyarra  Mine,  at  Garden  Gully,  and  from  tlie 
Commodore  and  Queen  of  the  Hill  Mines,  at  Paddy's  Flat.  Like 
the  water  from  t)ie  Fenian  Mine  it  is,  however,  excei)tional  in  being 
de\oid  of  nitrates.  With  this  excei)ti()n  it  is  very  like  the  water 
from  the  west  lode  of  the  Commodore  Mine. 

Although  said  to  be  used  for  drinking  i>urposes  this  water  is 
not  suited  for  that  purpose  or  for  boilers,  unless  ])reviously 
softened.    It  is  M'»'1"  enough  for  all  other  mining  purposes. 

liesumc. 

The  w  at  CIS  ol"  ihc  Meekatharra  district  arc  all  of  tlie  same 
j^cncrai  tv|»(',  being  solutions  in  var\ing  concent ral ion  ol'  the  com- 
mon  (•y<'li<'  salts,  derived  probably  IVoni  residual  ocean  waters  and 
froiri  rain,  as  well  as  IVoni  local  weathering  ol"  i-ocks  and  i)yritous 
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lodes,  to  which  has  been  added  an  unusual  constituent  in  the  shape 
of  sodium  nitrate,  formed  by  bacterial  activity  in  the  surface  soil, 
and  carried  down  by  percolating"  rain  water.  The  extent  of  the 
influence  of  residual  magmatic  water  cannot  be  defined. 

The  waters  from  four  distinct  localities  have  been  examined. 
Of  these,  three,  viz.,  Garden  Gully,  Yaloginda,  and  the  Domestic 
Water  Reserve,  yield  waters  which  are  fresh,  or  at  most  only 
slightly  brackish.  The  fourth  locality,  Paddy's  Flat,  is  the  centre 
of  considerable  gold-mining  activity,  and  within  a  small  area 
jdelds  waters  of  a  wide  range  of  salinity  from  quite  fresh  to  dis- 
tinctly salt,  and  wdth  somewhat  marked  variations  in  the  relative 
proportions  of  the  different  constituents. 

The  circulation  of  the  water  underground  in  this  area  is  slow 
and  restricted  even  in  the  direction  of  the  prevailing  foliation.  At 
right  angles  to  this  it  must  be  almost  negligible. 

The  variations  within  the  same  general  type  of  water  cannot 
be  explained  by  reference  to  the  unweathered  enclosing  rocks,  but 
appear  to  be  due  rather  to  varying  porosity  of  the  zone  of  weather- 
ing which  permits  a  variable  penetration  of  rain  water  with  its 
accompanying  cyclic  salts  and  salts  leached  from  the  soil  and  wea- 
thering rockj  followed  by  unequal  precipitation  of  the  less  soluble 
components  and  differing  degrees  of  evaporation.  In  conjunction 
with  this  there  is  the  greater  or  less  restricton  of  underground 
movement,  v/hich  would  tend  ultimately  to  a  concentration  of  salts 
in  the  lower  lying  portions  of  the  undulating  surface  of  the  water 
level  throughout  the  district. 
1st  June,  1916. 
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147, 


2()(), 
148, 


142. 


157, 
316, 


158, 
317, 


279 
295 
177 
94 
120 
180 
141 
91 
76 
159 
133 
295-8 
261-3 
164 
318 


[6, 


57,  295,  296,  299,  302,  304 
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48, 


54,  100,  101 
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Carboniferous  Strata 
Carbon  in  Black  Schists 
Caves. . 
'■  Cement  "  . . 

„  patch 
Centaur  G.M.L. 
Central  G.M.L. 
Chalcedony  . . 
Chalcopyrite .  . 
Challenge  ore -feeders 
Champion  Mine,  Nannine 
Chapters,  Summary  of  Contents 
Chlorides  in  underground  waters 
Chlorite 

Chlorite-carbonate-quartz  rock 

„  „  „     associated  with  fuchsite  rock 

Chloritic  slates  see  Slates. 
Chloritkation 
Chloropal 
Chromite 

Chromium,  secondary  introduction  of 
Chrysogenetic  Epoch 
Chrysotile 
Chunder  Loo  G.M. 
Clarence  G.M.L.,  jasper  bar  in  . . 

Clarke,  E.  deC  

Clarke,  F.,  Prospector 
Classification  of  Meekatharra  rocks 
Clay  and  highly  weathered  rock,  microscopic  examination  of 


105, 


110, 
60, 
121 

292 
98, 


316, 

69,  71,  frequently  in  Chap.  VIL,  303 


24, 
317, 


Page. 
76 
263 
80 
167 
199 
122 
114 
293 
290 
34 
153 
25 
318 


135,  141, 


268-9 
272 


206,  235,  257 
305 

254,  270,  294 
272 
91 

. .  295,  304 
5,  249,  298 
294 
27 
180 
210 
266, 
280 
133 
138 

..  141,  142 
140 

132,  133-8,  225, 
294,  295,  306 
. .  133,  134 
303,  310 


21 


207, 
267, 


234, 
268, 


298, 


Clean  Sweep  G.M.L. 
Commodore   Block  G.M.L. 

Brown  Hill  G.M.L. 
„        Extended  G.M.L. 

G.M   29,  30,  32,  33,  35,  60,  70,  71,  81 

259,  268,  270,  271 

G.M.  Co. 

„  concentrates  from    .  .        .  .         293,  294 

„  ,.     water  from,  see  Paddy's  Flat. 

Group   133-41 

Halcyon  Dyke  see  Porphyry,  Halcyon. 

Lode   131 

North  Extended  G.M.L   132 

„     G.M.L   131,   1.34,  225 

„  „     Water  from,  see  Paddy's  Flat.  -.-^ 

West  G.M.L.   133 

Concentrates  . .        . .  35,  307-12,  see  also  under  various  mines 

Conglomerate    72,  75,  76,  281,  283-5 

Connelly,  C.  F.,  Prospector        ..        ..        ..        ..        ..        ..  110 

Consols  Group       .  .        . .        . .        . .        . .        .  .        .  ,        . ,  152-64 

„     North  Shaft    169 

Contacts metamorphism  by  porphyries  ..     63,  113,  125,  145,  165,  175, 

181,  195,»199 

Contortion  of  jasper  bars  . .        . .        . .        . .        . .        .  .  84 

Prospector 


Cook,  F. 
Coolgardie 
Copper  in  granite  . . 
Cordner,  J.,  Prospector 
Coronation  G.M.L. 


118-20, 


180 
50 
51 
133 

291-2 
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Country  influences  productiveness 
Covellite 

Creer,  T.,  Prospector 

Cr,-me  d'Or  G.M  

Criterion  G.M.L  

"  Cross- courses  " 
Cross  veins,  see  Spur  veins. 
Crown  G.M. 
Cue 

„  rainfall  and  temperature  at 

„  Trit 
Cuprite 
Cyclic  Salts 


Darlot,  L.  H.        . .        . . 
Day  Da\TO  , . 
"  Deep  Leads 
Democrat  G.M.L.   .  . 
Democrat  Options  Syndicate 
Dennis,  G.,  Prospector 

Despot  G.M.L  

Devine,  Prospector 

Development,  future,  of  mines,  see  Prospecting. 
Devonian  rocks 
Diallage 

Dickson,  E.,  Prospector   ,  . 
Diorites 
"  District  "  .  . 

definition  of  .  . 
,,       drainage  of 
,,       elevation  of   .  . 
Dolerite,  basaltic         63,  64,  65,  72  86,  102,  145,  146. 

279,  299 

„  „        of  Meeka  Hills 

,,        relation  to  other  rocks 
„  ,,        rocks  misnamed  thus 

„  ,,        summary  regarding 

Dolerite,  metamorphosed  .  .        .  .  66-7 

„  ,,  carbonates  in 

,,  ,,  origin,  etc 

„  relation  of  to  peridotite 

Dolomite 

,,       association  of  with  fuchsitc 
Donovan,  P.  W.,  Prospector 
Downie,  D.,  Prospector    . . 

Dry- blowing  . .        . .        . .        .  .  11  see  ah 

Dung  bitumen,  sec  Pseudobiturncn. 
Dunite 

Dunn,  .1.,  Prospector 

Dynamic  strain,  evidence  of       .  .        .  .        .  .  21 


Eiulli   

Ka.ster  Kvc  (iift  (i.M.L.  . 
KuHt(!rn  Kcvcnuc  (\M.\j.  . 
Eclipsc!  (Jroiip 
Economic  |)OHHibiliti(!H,  see 
Ecrin  (i.M.L.,  vv\r\H  of 
EdwardH,  Pro.spcictor 
Eldorado  (J.M.L.    .  . 


I*r( ).s|)('(;(  ing 


Page. 
90 

.  89,  290 
.  28.  105 
2.37 
177 
173 


28,  94,  95-7 
50,  64,  66,  211,  237 

37-41 
244 
293 
316,  320 

121 
50 
197 
130,  131 
130 
133 
130 
118 

65,  76,  77,  86 
.  .  237,  254 
..29,  177 
. .  237-40 
51 
23 

..  36,  314 
314 

148,  207,  209,  235-7, 

.  .  244,  285 
148,  235,  262,  274 
72,  142,  148 
285 

85,  142,  237-53,  285 
295 
245-7 
156-7,  256-7 
295-6 
272 

29,  141,  152 
121 

alluvial  "  iiold 


futun 


256 

. .  29,  180 
a,  21(),  222,  248,  252 

80 
120 
192 

..    69,  99 

180 
94 
174 
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Enrichment  by  "  spurs  "  and  leaders 

„        secondary,  in  weathered  zone 
Enstatite 

Epidiorite    . .        . .         67,  237-40, 
Epidote,  frequently  in  Chap.  VII 
Epsomite 

Equipment  of  mines 
Evaporation 
Eves,  .]  .  prospector 
Explosives  Reserve 
Exterior  drainage  . . 


"  Face  gold  "' 
Farquharson,  R.  A. 
Faulting  and  Faults 


248-251,  see 


30-35,  also 


Page 

90,  140,  151.  im 
90,  98,   108,  171 
254 

Iso  Schists,  Yaloginda 
300 

. .  291,  306 

under  individual  mines 
315 
164 
77,  79 
..    36.  48 


..  140,   159,  167 
25    27    51    73  79 
81,  84,  108,  125,  136,  138,  148,' 149,' 151-2,  158-9, 
169,  170,  171,  173,  192,  197 
,,  ,,  influence  on  gold  deposition    . .        . .       87,  88,  90 

Felspar        . .        . .        . .  67,  68,  212  and  frequently  in  Chap.  VII. 

,,     in  quartz  veins  . .        . .        .  .        . .        . .        . .        . .  88 

Fenian  G.M.  30,  32,  33,  34,  35,  54,  81,  91,  209,  270,  294,  295,  298 

See  also  Consols  Group. 

„     concentrates  from.   291,  300,  303,  308-9 

„•       ,,     Syndicate   . .        .  .        . .        . .        . .        .  .        . .  153 

„       „     water  from,  see  Paddy's  Flat. 

„    South  G.M.L   164 

„    West  G.M.L   148,   168,  173 

Ferro-Magnesians     69  and  frequently  in,  Chap.  VII.    See  also  Hornblende,  etc. 

amount  of  ,  varies  in  granite        . .        .  .        .  .  211 


Field-work,  description  of 

„         aided  by  petrology  .  . 
Fissures,  see  Faults. 
Fleming,  J.,  Prospector    .  . 
■  Floaters     .  . 
Flowers 
"  Flow  Lines 

FloA\  Rocks   

Foliation,  effect  of,  on  water  circulation 
Foliation  of  granite 
Fragmental  volcanics 
Franco- British  Exhibition,  gold  specimens  at 


22-24 
50-1,  207 


100,  101,  113, 


86, 


Fuchsite 
Fuchsite  in  quartz 
Fuchsite-quartz-carbonate  rock 


144 
29,  187 
.  .    22,  47 
213 

. .  277-80 
. .  320,  321 
212,  214-5 
65,  70,  73 
289 

See  also  below. 


227,  294,  297,  302 

.  .    129,  139,  151,  303, 

70,  90,  133,  135,  137,  138,  139,  140, 
141,  147,  148,  151,  157,  158,  164,  166, 
167,  270-2 

albitization  in  . .        .  .        .  .  287 


Fuel   

Gabanintha  .  . 
Gabbro 

hypersthene,  see  Norite 
„     relation  to  serpentines 
,,     summary  regarding 
Gajite 

Garden  Gully  Creek 

„     G.M.  Co.    . . 


contact  of  with  porph 
origin  of 


15] 


157,  165, 
166 

.  .  70,  270-2,  302 
30 

23 

63,  64,  237-47,  251 


256-7 
285-6 
296 
42,  94 
99 
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25. 

50, 


318 


garden  Gully  G.M.L  

Mine 

Mining  Centre 

North  G.M.L  

water,  analysis 
„     level. . 
„  supply 

Garnet 

Geary,  E.,  prospector 

Geological  Survey  of  W.A.,  Annual  Reports 
Georgina  G.M.L. 
Geraldton 

Gibbons,  J.  M.,  prospector 

Gibraltar  G.M.L  

„  Lode 

Gibson,  C.  G   23, 

Gift  Extended  G.M.L  

Gilbannia  G.M.L  

Glass 

„    in  tuffs,  etc. 
Glazing 

Globe  G.M.  . .       . .         29,  32,  33»  64,  70,  71, 

„  water  from,  see  Paddy's  Flat. 

Goczel,  S   25,  26,  94,  99 

Gold    . ,        89,  116,  159,  160,  289  see  also  Face  gold,  and  under  groups  and 
leases. 

country      . .        . .        , .        . .        . .  161 


Page 
99 
26,  28 
67,  69 
99 

322,  323,  324 
.  32,  318 
19,  32,  33 
299 
116 

.    26,  27 
111 

.    17,  20 
189 

.  30,  190 
91,  192-3 
53,  72,  208,  212 
120 
119,  292 
278 

273-4,  277,  282 
80 

165-7,  173,  270,  302 


26 


Gold  content,  affected  by 


cross-courses 


„  crystalline 
Golden  Bar  G.M.L. 

„    Calf  G.M.L. 
Gold  in  granite 

„    injection,  age  of 
Gold  King  Consols  G.M.L. 
G.M.L. 

,,    occurrence    {see  also  Prospecting). 
„       „       in  relation  to  Dolerite 
„       „       in  relation  to  Porphyry  . 


173 
127 
168 
185 
51,  52 
86,  161-2 
114 
114 


55,  57,  58,  59,  60,  125, 
165 


64, 
127, 


149 
133, 


Gold,  out])ut  of  Area 

„       „      of  Leases  see 
Gordon,  J.,  prospector 
Gouge 
Granite 


quartz-fuchsite  rocks, 
shear-planes 


etc. 


137-8 
SI.  87 
17 


various  leases  and  ore  bodies. 


19,  23,  48,  50,  51-4,  207,  208,  209, 
Southern  Cross  (Jranite. 
„  biotite-microcline 
,,  hornblende 
,,  in  conglomerate  .  . 
„  rnusc()vit(5 

,,      -porf)hyry,  see  l^orphyry. 

„      summary  regarding 
Grariof)liyric  .structure 
(Granulation  .  .        .  .        .  .        .  .  52,  213- 

Cirapliitc 
( \  rasH 

(iraton,  L.  ( 


  180,  201 

.  .    98,   187,  201 
See  aUo  Meekatharra  and 


52,  72, 


51 

51,  211 
5-6,  283 
51,  211 


216,  232,  243,  24S, 


285 
223 
253 
289 
47 
88 
80 
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Page 

Great  FingaU  G.M.  Co   64,  90,  114,  237 

Great  Jack  G.M.L   182 

„    Oversight  G.M.L  190,  193 

Greenstone  23,  48,  65-72,  88,  208,  209,  235-57.    See  also  Kalgoorlie 

.,         albitization  in  . .        . .        . .        . .        . .        .  .  287 

definition  of   63,  234-5 

„        inclusions  and  fragments  of         . .        . .        . .         52,  65,  80 

"  islands  "   45,  50,  58,  85,  94 

„        mapping  of,  see  Boundaries. 

,,         origin  of  varieties    . .        . .        . .        . .        .  .       65-7,  245-7 

,,        summary  regarding  . .        . .        . .        . .        . .        . .  285-6 

Gregson,  J.,  prospector    . .        . .        . .        . .        . .        . .        .  .  180 

Grey-green  granite  see  Meekatharra  granite. 

Grit   75,  76 

"  Group."  definition  of     . .        . .        . .        . .        . .        . .        .  .  24 

Guano    80,  307 

Gwalia  Extended  G.M.L.  and  Group    . .  54,  71,  89,  151,  164-5,  219, 

267.  300 

Gypsum    69,  306 

Halcyon  Dyke,  see  Porphyry. 

East  G.M.L   132 

Extended  G.M.L   32,  60,  130,  131,  132,  225 

G.M.L.  and  Group  129-33 

Lode    29,  90.  91.  131 

North  G.M.L   131 

Halloysite   305 

Hall's  Creek  auriferous  beds       . .        . .        . .        . .        . .        .  .  76 

Hammond,  W.,  prospector         . .        . .        . .        . .        .  .        . .  146 

Hancock's    . .        . .        . .        . .        . .        . .        . .        .  .        . .  65 

Harder  to  Find  G.M.L   72,  281 

Hardman,  E.  T   .  .        . .  76 

Hart,  0.,  prospector        . .        . .        . .        . .        . .        . .        .  .  190 

Hartzburgite  . .        . .        . .        . .        . .        . .        .  .        . .  254 

Haveluck  Consols  G.M.L.   "   106 

Haveluck   Dykes,  see  Porphyry. 

Extended  G.M.L   106 

G.M.L.  and  Group     ..        ..33,  52,  75,  77.  81,   105-10,  283 

Lode   28,  29,  91,  105,  108 

North  G.M.L   106 

Proprietary  G.M.L   106 

South  G.M.L   106 

Hawker,  G.,  prospector    . .        . .        . .        . .        . .         .        . .  185 

„     W.,  prospector    . .        . .        . .        . .        . .        .  .        . .  179 

Hazzard,  W.    167 

"  Heads,"  gold  on  . .        . .        . .        . .        , .        . .        .  .  140 

Hematite   96,  292,  293 

Henderson,  D.,  prospector         . .        . .        . .        . .        .  .        .  .  190 

Henry,  F.,  prospector       . .        . .        . .        . .        . .        .  .        . .  180 

Her  Royal  Highness  G.M.L.       . .        . .        . .        . .        .  .        .  .  202 

Hidden  Treasure  G.M   64    212.  236 

Hills    20.  42-46 

History,  Geological,  of  Area,  see  Sequence. 

History  of  Mining  . .        . .  28-30,  see  also  under  various  leases, 

Holtzmann,  L.,  Prospector         ..        ..        ..        ..        ..  100,  118 

Hornblende   67,  68,  178  frequently  in  Chapter  VIL.  299 

„         Schist,  see  Schist. 

Hornblendite   ,58,  233,  251 

Homsby  Dyke,  see  Porphyry. 
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Horn5^by  G.M.L.  and  Group 
"  Horses  '  '    .  . 

Hunter  Creek,  Klondike,  fuchsite  rock  from  .  . 
Huronian,  pre-.  Age 
Hypersthene 

Ilmenite 

Importance,  economic,  of  various  rocks,  see  Prospecting. 


Impoverishment  by  "  spurs  "  and  leaders 
Inclusions  in  quartz  veins 

,,         liquid,  in  quartz 
"  Indicator 

Ingliston  Central  G.M.L.  . . 
Ingliston  Consols  Extended  G.M. 


29,  30  32, 
289,  290. 

„  „  concentrates  from . . 

„  „         Syndicate   . . 

„  G.M.L  

„   South  G.M.L   . .  '     . . 

Extended  dolerite,  see  Dolerite.  basaltic. 

East  G.M.L.   

G.M.  .. 


Page 

33.  190.  201,  294 
88 
272 
91 
237 

..  239,  263,  293 

91,  138,  159,  163 

  88 

159 

  110,  175 

  140 

33,  35,  54,  89,  209,  270, 
See  also  Consols  Group. 

291,  300,  310 
152 
152 

. .  152,  155 


  145,  146,  279 

25,  29,  30,  32,  33,  35,  64,  70,  71,  88,  89, 
145,  146,  209,  270,  289,  294,  295, 
304,  305,  307-8 


30,  32,  33,  35,  70,  71 
. .  54, 


64, 
146, 


„  „  ,,    concentrates  from 

„  „  Group 

North  G.M.L. 
Ingliston  G.M  29 

No.  2  G.M.L.    . .        . . 

North  G.M.L  

„       Northern  Deeps  G.M.L. 

Proprietary  South  G.M.L. 

South  Extended  G.M.L. 

United  G.M.L   54,  64,  145, 

Insolation 

Interior  Drainage   . . 
"  Intrusions  "  of  jasper 
Iron  compounds  in  underground  waters 
Iron  oxide,  see  Hematite,  Limonite. 

glazing  by  

Ironstone,  boulders  and  pebbles 
"  Isak  and  AUowcr  s  "  P.A. 

Island  Hills  

"  Islands  "  of  greenstone,  see  Greenstone 


291,  293.  300,  303 
. .  145-52 
.  .  145,  146 
81,  138-40 
140 

140,  219,  306 
259 

133,  140-1 
145,  146,  147 
147,  149,  298 
80 

..  36,  48 
. .  172,  173 
. .  316,  317 


80 
141 

94 

43-45,  67,  69 


21, 


Jackson  s  (J roup 
.lames,  Caleb,  prospector 
.Jarrah,  f()r  minc^-timber 


aH[)('r  bars 


45,  70,  80,  81,  82  85,  86,  88,  120,  168-175,  178.  181-2. 


187.  191,  259 
productiveness 


,,  inllu(inc( 
"  -Jasper  \ah\o- 
. Jasper  Sfai'   (J.M.L.  and  Workings 
Dykes,  sTfi  Por})hyry. 
Joint  ing  of  por|)hyry 
.lournal  of  ('liamb(T  of  Mines  of  W.A. 
.Judge,  .J.,  |)n>H|)e(;t()r 

.Judy  (;.M.L.   

.JutHon,  .J.  'I\ 


33,  89,  91,  115-6,  301 
154 
30 


290,  292,  293-4,  :m 


104,  113, 


90, 
2,39, 
54, 


3().  42.  48. 


169 
114 
245 

219 
27 
133 
164 
282 
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Kalbite 
Kalgoorlie    .  . 

and  Meekatharra  Geology  compared 

„       fuchsite  at 
mesitite  at 
Kanowna,  fuchsite  at 
a.M.L.  .. 
„        mesitite  at 
Kaolin 

„      in  quartz    .  . 
Kaolinisation         . .        . .        .  .  54, 

Karangahaki  Belt 

East  G.M.L. 
G.M. 

Mines,  Ltd. 
„  Lode 
Keams  Bros.,  prospectors 
KeUy,  W.  J.,  prospector  . . 
Kelpy  Group  Lease  and  veins 

„     South  G.M.L. 
Keratophjrre 

Kidney  "  Veins   . . 
Kimberley  Goldfield 
King  George  G.M.L. 
King  of  the  Hills  G.M.L.  Yield 
Kirkland,  T.  M.,  prospector 

Kyarra  G.M.   30 

Co  

„  concentrates  from. 

„  Geology  and  Ore  bodies  of 

„  \vater  from,  see  Garden  Gully. 

,,  Group 

„  Schists,  "ee  Schists. 

„  View,  G.M.L  

Labradorite  .  . 
Lady  Lorna  G.M.L. 
Lady  Mary  G.M.L. 
Lander,  F.  J. 
Lands  Department 
Laterite 

,,  auriferous 
Leucoxene  228, 
Lewes  Priory  Group 
Lime,  used  in  treatment  . . 
Limestone,  crystalline 
Limonite      ..  70,  80 

„       in  quartz 
Lighting  underground 
Little,  G.  M.,  prospector 
Little  Sweetheart  G.M.L. 
"  Lode  "  definition  of 
Lodes  and  Lode  formations 


.  .  300 

67,  243^245, 
247,  287 


89 


reqiiently  in  Chap. 
24,  57,  68,  71, 


98, 
VII., 
190-5, 


30,  33,  190 
.91 


57,  V 


32,  35,  69, 


84-; 


88,  94 


29,  88,  89, 


205, 
134. 
191-2, 


222 
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PREFATORY  NOTE. 


The  present  contribution  forms  the  third  of  the  series  designed 
to  deal  more  or  less  exhaustively  with  the  Geology  and  Ore 
Deposits  of  Kalgoorlie, 

It  had  been  intended  to  include  in  this  Bulletin  the  contribu- 
tion by  the  Petrologist,  Mr.  Farquharson,  but  as  such  was  not  avail- 
able at  the  time  this  was  ready  for  Press  it  was  not  deemed  ex- 
pedient to  delay  the  publication  of  the  information  regarding  the 
ore  bodies  and  mines  of  the  North  End.  The  petrological  contri- 
bution will,  it  is  hoped,  appear  later. 
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PART  HI. 


X.— THE  GEOLOGICAL  FEATURES  OF 
THE  "NORTH  END,"  KALGOORLIE. 

By  F.  R.  FELDTMANN. 


AUTHOR'S  NOTE. 

The  writer  takes  this  opportunity  of  acknowledging  his  indebtedness  to 
Mr.  Farquharson,  on  whose  determinations  the  rock-classification 
adopted  in  this  report  has  been  mainly  based,  and  whose  friendly 
criticism  on  many  points  has  proved  of  very  great  assistance. — F.R.F., 
5th  July,  1916. 


INTRODUCTORY  REMARKS. 

The  portion  of  the  Kalgoorlie  auriferous  belt  with  which  the 
present  report  is  most  chiefly  concerned  is  that  to  the  south  of  the 
area  described  by  the  writer  in  Bulletin  51/*  and  is  roughly  bounded 
on  the  north-west  by  the  Kanowna  Railway  line,  on  the  south-west 
by  the  Boulder  Railway  line,  on  the  north-east  by  a  line  roughly 
parallel  to  and  about  70  chains  from  the  last,  and  on  the  south-east 
by  the  southern  limit  of  the  flat  south  of  Mt.  Gledden,  this  flat 
seeming  to  form  the  natural  boundary  between  the  ''North  End"  and 
the  main  auriferous  belt  of  Kalgoorlie. 

The  area  between  these  boundaries  has  been  mapped  on  a  scale 
of  100  feet  to  the  inch  (Plate  XIII.),  permitting  all  the  important 
geological  features,  including  the  ore  deposits,  to  be  shown  in 
detail.    In  addition  to  this  detailed  map,  one  on  a  scale  of  10  chains 


*  Contributions  to  the  Study  of  the  Geolog'y  and  Ore  Deposits  of  Kalgoorlie,  Part  II. 
hy  F.  R.  Fcldtmann  and  R.  A,  Farquharson. 
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to  the  inch  (Plate  XII.),  covering  an  area  of  about  live  square  miles, 
has  been  prepared.  This  map  shows,  in  addition  to  the  main  geo- 
logical features — including  the  main  lines  of  lode —  contour  lines  at 
10-feet  intervals;  as  the  railway  bench-marks  are  the  datum  points 
on  which  these  contours  are  based,  a  reduction  of  107  feet  has  to  be 
made  to  give  the  true  height  above  sea-level.  For  this  map,  the 
contours  shown  on  the  map  published  by  the  Survey  in  1902  have 
been  thoroughl}^  re\ised,  while  that  portion  south  of  the  Kanowna 
Railway  line,  which  has  been  mapped  on  a  scale  of  100  feet,  has 
been  recontoured,  owing  to  the  extreme  accuracy  required  for  the 
geological  sections,  prepared  on  scales  of  100  feet,  50  feet,  or  even 
less,  to  the  inch. 

I  would  here  like  to  record  my  thanks  to  the  leaseholders  and 
I  ros]  ectors  of  the  North  End,  without  whose  ready  assistance,  often 
at  considerable  personal  inconvenience,  I  should  not  have  been  able 
to  examine  many  of  the  mine  Avorkings  w^ithin  this  area. 


T.  TOPOGRAPHY. 

The  main  topographical  features  of  the  more  southerly  portion 
of  the  North  End  differ  but  little  from  those  of  the  more  northerly 
portion.  On  the  whole  the  hills  are  more  decided  in  outline  and 
rise  to  a  greater  relative  height  above  the  surrounding  country, 

A  prominent  feature  is  the  well-marked  line  of  hills  comprising 
I\It.  Charlotte,  Hannan's  Hill,  Cassidy  Hill,  and  ^It.  Gledden,  im- 
mediately to  the  east  of  the  Boulder  Railway  line  and  following  the 
general  N,N.W,-S.S.E.  trend  of  the  country.  Unlike  the  higher 
hills  of  the  northern  area,  these  hills,  which  are  almost  entirely  in 
quartz-dolerite  greenstone,  are  not  capped  by  laterite,  which  is  by 
no  means  as  common  in  this  as  in  the  previously  described  area. 
This  fact  may  probably  be  accounted  for  by  the  steeper  slope  of 
the  hills  and  the  consequent  greater  rate  of  denudation. 


II.  THE  ROCKS. 
In  the  pi-('\  ions  report*  the  wriier  considered  it  more  tlian 
likely  that  tlie  more  southerly  portion  of  the  field  would  tlirow  fur- 
ther light  on  the  geology  of  the  nortliern  ])ort ion  — this  belief  has 
been  amf)ly  justified,  the  more  numerous  outcrops,  extensive  mine 
workings,  and  comparative  freshness  of  many  of  the  rocks  en- 
abling a  more  thorough  and  detailed  classification  to  be  made  than 
was  possible  in  llie  earlier  rejiort.  Nevertheless,  as  compared  with 
Ihe  great  variety  of  the  rocks,  exposures  in  outcrojis  and  mine  work- 
ings are  by  no  means  as  common  as  could  be  desired,  particularly 


♦  Loc.  cit.,  p.  10. 
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in  the  Jow-lying  ground  on  which  the  town  itself  is  situated,  un- 
weathered  outcrops  and  mine-workings  sufficiently  deep  to  be  of  any 
use  being  here  practically  absent. 

In  the  light  of  data  now  available  the  northern  area  was  briefly 
re-examined  and  its  rocks  reclassified,  the  results  being  shown  on  the 
10-chain  map  (Plate  XIL),  but  the  mapping  of  the  ore  deposits 
and  other  details  shown  on  the  100-feet  map  is  not  affected  by  this 
revision.  The  detailed  description  of  the  rocks  given  in  the  follow- 
ing pages  applies  to  the  North  End  as  a  whole. 

The  present  classification  is  based  on  the  results  of  a  detailed 
and  thorough  examination  of  the  relationships  of  the  rocks  in  the 
field,  as  well  as  the  petrological  examination  by  Mr.  Farquharson  of 
over  200  specimens  collected  by  the  writer,  and  also  of  many  of 
those  already  in  the  Survey  collection.  In  addition  a  number  of 
fresh  analyses  have  been  made  by  Mr.  E.  S.  Simpson,  Mr.  H. 
Bowley,  and  other  members  of  the  Laboratory  Staff. 

The  present  classification  differs  from  that  given  in  Bulletin  51 
chiefly  in  the  separation  of  the  Older  Greenstone  series  from  the 
Younger  or  Intrusive  series — which,  owing  to  the  paucity  of  ex- 
posures and  lack  of  any  marked  differences  in  the  specimens  previ- 
ously examined,  was  not  possible  when  dealing  with  the  more 
northerly  area  alone.  Both  Older  and  Younger  Greenstones  have 
been  further  separated  into  groups  and  sub-groups,  many  of  which 
are  unrepresented  in  the  northern  area. 

The  classification  now  adopted  may  be  subject  to  criticism  on 
account  of  its  extreme  detail,  but  it  is  justified  by  its  exceedingly 
important  economic  bearing.  In  general  it  .approaches  most  nearly 
to  that  given  in  Dr.  J.  A.  Thomson's  paper.* 


"The  Petrology  of  the  Kalgoorlie  Goldfield."  Quart.  Journ.  Geol.  Soc,  Vol. 
xix.,  1913,  page  626, 
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In  the  above  classification  and  in  the  following  pages  the  term 
greenstone  is  used  in  two  ways:  first  in  the  usual  broad  sense  as 
applied  to  the  two  main  series  of  basic  rocks — viz.,  the  Older  and 
the  Younger  or  Intrusive  Greenstones — when  used  in  this  sense  a 
capital  letter  is  employed;  secondly  as  restricted  by  Thomson*  to 
those  rocks  composed  chiefly  of  chlorite  and  carbonates  in  place  of 
the  hornblende  and  saussurite  of  the  amphibolites,  as,  for  example, 
the  quartz-dolerite  greenstones.  There  should  be  no  confusion  be- 
tween these  two  applications  of  the  term. 

It  will  also  be  noticed  that  the  name  epidiorite  figures  in  the 
classification  as  an  alternative  name  for  some  of  the  amphibolites. 
Some  confusion  seems  to  have  arisen  in  the  employment  of  the 
former  term.  The  best  classification  of  the  epidiorites  is  that  given 
in  Teall's  description  of  the  geological  structure  of  the  North-West 
Highlands  of  Scotland.!    Here  he  says: 

"They"  (the  epidiorites)  ''may  be  roughly  separated  into  two 
groups  accorcliug:  to  the  presence  or  absence  of  the  structure  character- 
istic of  the  gabbros,  diabases,  and  hyperites.  In  the  first  group  (a) 
the  lath-shaped  or  interstitial  character  of  the  felspar-sections  is  in  most 
cases  well  marked,  and  the  characteristic  inclusions  so  common  in  the 
felspars  of  the  diabases  are  often  present.  The  hornblende  is  of  two 
types.  There  is  the  compact  green  hornblende,  similar  to  that  of  the 
hornblende-diabases,  and  also  the  fine-grained  and  .sometimes  fibrous 
aggregates  which  appear  to  eat  into  and  finally  destroy  the  original 
augite.  Cores  of  augite  may  frequently  be  detected  in  the  centres  of 
these  hornblende-aggregates,  a  little  interstitial  quartz  is  often  pre- 
sent  The  typical  rocks  of  the  second  group  (b)  of  epidiorites 

are  devoid  of  igneous  structure.  They  are  essentially  composed  of 
plagioclase  and  hornblende,  with  which  some  quartz  and  a  mineral  of 
the  epidote  group  are  often  associated.  The  felspar  occurs  as  irregular 
grains  or  in  large  ophitic  patches;  sometimes  as  granular  aggregates. 
It  is  in  general  more  allied  to  albite  than  the  felspar  of  the  pyroxenie 
rocks.  Not  unfrequently  it  is  crowded  with  minute  prisms  and  grains 
of  epidote,  thus  forming  the  typical  saussurite  of  Cathrein.  Under 
these  circumstances  it  is  either  albite  or  some  closely  allied  felspar. 
The  hornblende  may  be  either  ])ale  or  dark  green.  It  occurs  as  spongy 
aggregates  enclosing  rounded  grains  of  quartz,  as  compact  irregular  in- 
dividuals, and  as  aggregates  with  ragged  outlines  from  which  prisms 
often  jut  out  into  the  surrounding  fols])ar.  Detached  grains  and  prisms 
often  occur  as  inclusions  in  the  felspar.  Biotite  and  iron-ores  zoned 
with  colourless  granular  sphene  are  frequently  ])resont. " 

In  the  classification  of  the  North  End  rocks  the  epidiorites  fall 
into  two  groups,  (a)  and  (b),  as  classified  by  Toall. 

In  order  thai  the  rclal i()iishi|is  between  the  various  sulxlivisions 
of  tiie  Older  GreeMstones  and  the  gabl)roi(l  or  doleritic  members  of 
the  Younger  Greenstones,  and  the  successive  degrees  of  alteration, 

•  Lor.  ,  n:K). 

t  MoinoirH  <.f  Mu-  fl.-ol.  Sm  v.  of  (Jront,  Hi  itiiin,  H)07,  p.  92. 
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may  b<^  more  clearly  understood,  it  may  be  advisable  to  present  a 
portion  of  the  classification  in  the  following  form : — 


Original  Rocks    . . 

Lavas 

Quartz- 
gabbros  or 

Quartz- 
dolerites 

Gabbros  or 
Dolerites 

Hornblende- 
dolerites. 

Pyroxenites. 

Amphibolitic  Stage 
Greenstone  Stage . . 

Fine-grained 
amphibolites 

Quartz- 
dolerite 
amphiibolites 

(Unrepre- 
sented in 
this  area) 

Lustre- 
mottled 
amphibolites 

Hornblend- 
ites 

Fine-grained 
greenstones 

Quartz- 
dolerite 
greenstones 

Dolerite 
greenstones 

Fuchsite- 
carbonate- 
quartz  rocks 
(in  part) 

(Unrepre- 
sented) 

Talc-chlorite- 
carbonate 
rocks 

Bleached  Stage  . . 

Calc-schists 

Bleached 
greenstones 

(Unrepre- 
sented) 

Fuchsite- 
carbonate- 
quartz  rocks 
(in  part) 

A  parallel  series  of  changes  has  taken  place  in  the  peridotites, 
for  we  have  serpentines,  talc-mesitite  rocks  with,  probably,  some  of 
the  fuchsite-carbonate-quartz  rocks  as  the  third  stage  of  alteration. 

'Tliis  grouping  according  to  the  various  stages  of  alteration  does 
not  necessarily  imply  that  the  more  altered  rocks  have  passed 
through  all  the  intermediate  stages,  for  it  is  possible  that  some  of 
tlie  greenstones  may  have  been  derived  directly  from  the  original 
rocks  without  passing  through  the  amphibolitic  stage.  This  ques- 
tion, however,  will  be  gone  into  more  thoroughly  later  on. 

When  describing  each  rock  type  in  detail  it  will  be  stated 
whether,  or  no,  the  rock  is  of  economic  importance — this  statement 
refers  only  to  the  occurrence  or  non-occurrence  of  payable  deposits 
in  the  rock  and  not  to  the  part  it  may  have  played  in  the  intro- 
duction of  the  auriferous  solutions. 

1.    The  Older  Greenstones. 

Within  the  limits  of  the  10-chain  map  (Plate  XII.)  the  rocks 
of  this  series  occupy  two  large  areas,  namely,  to  the  west  and  east 
of  the  main  dyke  of  Intrusive  Greenstone  described  later.  The  full 
extent  of  the  western  area  has  not  been  mapped — its  eastern  boun- 
dary appears  to  run  roughly  parallel  to  and  about  seven  chains  east 
of  the  Menzies  Railway  line;  it  is  probably  composed  entirely  of  fine- 
grained amphibolites.  Under  the  townsite  of  Kalgoorlie  it  is  en- 
tirely obscured  by  superficial  deposits  and  its  southern  extension 
could  not  be  traced — specimens  occur  on  the  dump  of  the  former  Red 
Hill  Extended  (G.M.L.  64e)  main  shaft, but  whether  this  occurrence 
represents  an  isolated  area  or  part  of  the  main  western  belt  it  is 
impossible  to  say.  These  rocks  certainly  do  not  form  the  wide  con- 
tinuous belt  shown  on  Mr.  Gibson's  map,*  for  close  examination  has 


*  Contributions  to  the  Study  of  the  Geology  and  Ore  Deposits  of  Kals^oorlie, 
Parti.,  by  E.  S.  Simpson  and  C.  G.  Gibson.    G.SW.A.,  Bulletin  No.  42,  Plate  TI. 
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shown  the  presence  of  outcrops  of  quartz-dolerite  amphibolite,  ac- 
tinolite-zoisite-amphibolite,  and  quartz-dolerite  greenstone  at  the 
corner  of  Harley  and  Hinemoa  Streets,  west  of  Mullingar.  More- 
over petrological  determination  of  the  municipal  quarry  rock  at 
]\%llingar  shows  it  to  be  a  dolerite-greenstone  and  not  one  of  the 
Older  Greenstones. 

The  eastern  belt  is  of  great  width,  averaging  probably  betw-een 
60  and  70  chains;  it  also  is  largely  obscured  by  superficial  deposits. 
The  northern  portion  of  this  belt  appears  to  consist  entirely  of  fine- 
gTained  amphibolites,  Avhich  pass  gradually  into  tine-grained  green- 
stones to  the  south. 

Unweathered  outcrops  are  not  common  in  either  of  these  two 
belts,  and  the  fine-grained  amphibolites  are  exposed  onl^^  on  a  few, 
usually  Aveathered,  dumps  in  addition  to  the  very  meagre  outcrops. 
The  fine-grained  greenstones  are  fairly  well  exposed  on  dumps  and 
to  some  extent  in  mine  workings  in  the  south-eastern  portion  of  the 
area.  The  calc-schists  are  but  poorly  represented  in  this  area,  oc- 
curring only  as  local  modifications  of  the  fine-grained  gi-eenstones ; 
they  reach  a  very  much  greater  development  on  the  "Golden  Mile." 

The  original  form  of  the  Older  Greenstones  is  obscure,  owing 
to  the  absence  of  relict-structures.  In  the  majority  of  cases  these 
rocks  are  exceedingly  fine  in  grain,  of  intermediate-basic  com]Tosi- 
tion  in  those  specimens  which  have  been  analysed,  being  apparently 
slightly  more  acid  in  composition  than  the  quartz-dolerite  deriva- 
tives, and  in  a  few  instances  present  the  appearance  of  a  fine-grained 
flow  dolerite  under  the  microscope.  As  Thomson  states,*!  it  would 
be  possible  to  consider  them  as  the  altered  chilled  margins  of  the 
Intrusive  Greenstones,  were  it  not  for  their  great  extent,  for  it  is 
almost  impossible  to  distinguish  between  some  of  the  fine-grained 
amphibolites  and  certain  altered  forms  of  the  Intrusive  Greenstones. 
On  the  bulk  of  the  evidence  it  seems  most  probable  that  they  repre- 
sent original  flow  lavas;  in  the  specimens  examined  no  evidence 
was  found  of  an  original  tufaceous  rock. 

(a)   I'he  Fine-Grained  Amphilxdites. 

As  already  staled,  williin  ilie  limits  of  the  10-cbniu  map,  these 
rocks  ai)[)ear  to  occupy  tlie  wliole  of  tlie  western  belt,  and  tlie  north- 
ern and  sliglitly  larger  lialf  of  the  eastern  belt  of  Older  Greenstones. 
On  the  evidence  of  isolated  dumps,  the  eastern  boundary  of  the 
western  belt  runs  through  M.ll.L.  R.^R,  at  the  north-west  corner  of 
the  map,  southwards  through  M.H.L.  2()0k,  to  i>ass  close  to  the 
eastern  boundary  of  the  former  Monte  (^irlo  G.M.L.  ]2A9k.  South 
of  this  it  cannot  be  traced,  hut,  as  | n-cvioiisly  stated,  specimens 
were  found  on  tlie  I'orinrr  h'ed  Hill  K\.  dump,  west  of  Cassidy  Hill 


•  l.nr.  .•(/..  p.  ti:;i. 
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and  the  Boulder  Railway  line.  Still  further  south,  and  beyond  the 
limits  of  the  map,  typical  specimens  occur  on  a  dump  near  the  north 
corner  of  G.M.L.  4370e  (formerly  part  of  G.M.L.  942e,  Queen  of 
the  West),  near  the  Boulder  Road,  and  11  chains  west  of  Kallaroo 
Station.  These  rocks  do  not  appear  to  extend  further  south  for 
any  great  distance. 

The  western  boundary  of  the  eastern  belt  is  obscured  near  the 
northern  limit  of  the  ma}3.  It  probably  crosses  the  Broad  Arrow 
Road  near  the  North  corner  of  the  former  Sir  John  G.M.L.  4468r, 
to  follow  the  north-eastern  boundary  of  that  lease  fairly  closely 
and  cross  the  Kanowna  Railway  line  about  two  chains  east  of  the 
western  corner  of  the  North  Collier;  thence  it  crosses  the  'Trans- 
continental Railway  line  ratlier  more  than  a  chain  east  of  the  north- 
eastern boundary  of  the  old  Devon  Consols  mine  and  runs  on 
through  the  North  End  Ex.  G.M,.L.  4485e.  Near  the  southern  boun- 
dary of  the  last-named  lease  a  tongue  of  fine-grained  greenstone 
appears  to  run  northwards  through  the  amphibolite,  of  which  it  is 
evidently  an  altered  portion,  to  a  point  about  three  and  a  half  chains 
west  of  the  western  corner  of  former  G.M.L.  4490e,  Colleen  Bawn; 
thence  the  amphibolite  runs  southward  east  of  the  greenstone  tongue  to 
a  point  a  little  to  the  south  of  the  Parkestown  Road,  specimens  being 
obtained  from  two  dumps  between  this  and  the  Bulong  Road;  none, 
however,  were  found  south  of  the  latter,  and  apparently  the  north- 
ern boundary  of  the  fine-grained  greenstone  runs  between  the  two 
roads ;  it  is,  however,  entirely  obscured,  and  since  the  latter  rock  is 
regarded  as  an  altered  form  of  the  am]ihibolite,  the  chang-e  is  prob- 
ably very  gradual,  and  the  position  of  the  boundary  line  between 
the  tw^o  rocks  would,  in  any  case,  be  largely  arbitrary. 

The  eastern  boundary  of  this  belt  probably  runs  about  eight 
chains  west  of  H.L.  176e^  near  the  north-east  corner  of  the  map; 
thence  it  runs  south  to  cross  the  Kanowna  Road  about  three  chains 
east  of  the  east  corner  of  M.H.L.  202e  and  pass  through  the  old 
"Phoenix"  brick  pits,  where  the  junction  of  these  rocks  with  the 
probable  sedimentary  beds  can  be  seen;  unfortunately,  both  rocks 
are  completely  weathered. 

Except  in  the  Transcontinental  Railway  cutting,  where  both 
rocks  are  highly  weathered,  the  junction  between  the  fine-grained 
amphibolites  and  the  Younger  Greenstones  is  nowhere  visible,  and 
the  relationship  between  them  cannot  be  determined  in  the  field. 

On  dumps  in  the  former  Monte  Carlo  and  Queen  of  the  West 
leases,  where  the  freshest  forms  of  the  fine-grained  amphibolites 
occur,  derivatives  of  the  quartz-dolerites  are  also  found,  and,  were 
these  shafts  accessible,  some  light  might  be  thrown  on  the  relation- 
shij)  between  these  rocks. 
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The  fine-grained  amphibolites  are  found  to  vary  with  different 
localities,  but  may  be  grouped  into  two  main  types : — The  first  is  a 
very  fine-grained,  dense,  hard,  massive,  gTeenish-grey  rock  showing 
in  section  small  lath-shaped  felspar  forms,  now  largely  saussuritised, 
in  a  confused  fibrous  mass  of  pale  hornblende;  minute  grains  of 
zoisite  occur  all  over  the  slide.  The  Queen  of  the  West  rock 
[11033]  has  a  distinctly  doleritic  appearance  in  section,  and  has 
probably  been  derived  from  a  fine-grained  basaltic  dolerite.*  The 
Monte  Carlo  [2950]  and  Red  Hill  Extended  rocks  are  of  very  sim- 
ilar appearance  both  in  the  hand  specimen  and  in  section. 

The  second  type  is  similar  in  colour  to,  but  coarser  in  grain 
than  the  first  type,  and  long  needles  of  actinolitic  hornblende  can 
be  seen  by  the  naked  eye;  both  in  the  hand  specimen  and  in 
section  it  closely  resembles  the  actinolite-zoisite  amphibolites 
derived  from  some  of  the  doleritic  members  of  the  Younger 
Greenstones,  while  some  of  the  coarser  varieties  are,  at  first  sight, 
not  unlike  some  of  the  quartz-dolerite  amphibolites  in  the  hand 
specimen.  The  lath-shaped  felspars  characteristic  of  the  first  type 
are  absent  from  this  type,  in  which  the  confused  structure  is  more 
apparent,  and  which  is  seen  in  section  to  consist  of  long  thin 
needles  of  actinolitic  hornblende  in  a  fine-grained  mass  of  epidote 
and  zoisite.  This  type  is  commoner  in  the  eastern  belt,  typical 
specimens  being  found  east  of  the  former  Sir  John  G.M.L.  4468k 
and  on  the  North  End  Extended  G.M.L.  4485e.  In  the  western  belt 
specimens  of  this  type  were  obtained  from  a  dump  near  the  south- 
ern end  of  the  golf  links  and  about  5  chains  west  of  the  Menzies 
railway  line.  In  some  varieties  of  this  type  there  is  a  development 
of  numerous  pale  yellowish  chloritic,  apparently  phenocrystal  forms; 
specimens  containing  these  were  obtained  from  an  outcrop  and 
shaft  about  35  chains  west  of  the  Menzies  Railway  line  opposite 
M.H.L.  200e,  and  also  in  the  eastern  belt  from  a  costeen  5  chains 
north  of  the  west  corner  of  G.M.L.  4037e. 

Of  striking  appearance  is  a  variety  common  to  both  types,  in 
which  there  is  a  develo])ment  of  numerous  pale  sjiheroids  of  varying 
size,  but  usually  about  a  quarter-inch  in  diameter,  which  show  up 
strongly  against  the  darker  body  of  the  rock.  These  spheroids,  like 
the  main  mass  of  the  rock,  are  comjiosed  of  hornblende  and  zoisite, 
but  with  the  latter  present  in  far  greater  i)roi)ortion.  One  of  the 
best  exami)les  was  found  on  a  dump  about  110  feet  west  of  the 
eastern  boundary  of  the  Rising  Sun  G.M.L.  4030e,  between  the 
Parkcstown  and  Bulong  roads.  Less  well  marked  spheroids  are  also 
found  in  sj  ecimens  from  the  dump  of  the  previously  mentioned 
shaft  west  of  the  Menzies  Railway  and  M.H.L.  200e.  The  origin 
of  this  sr)lieroidal  structure  wliich  is  also  developed  in  some  of  the 

-Tho  microscopical  features  of  thene  and  other  rock  types  are  from  determina- 

t.ioim  hy  Mr  U.  A.  FarfiuhiirHon,  Petroloffist  to  tho  Survey. 


21 


fine-grained  greenstones  is  not  certain,  but  it  is  probably  due  to 
contact  alteration,  being  found  practically  within  a  belt  about  5 
chains  in  width  along  the  eastern  boundary  of  the  younger  green- 
stones. 

Only  one  analysis  has  so  far  been  made  of  a  fine-grained  am- 
phibolite,  namely  the  Queen  of  the  West  rock  (Table  II.,  No.  1). 
The  silica  percentage  is  seen  to  be  higher  in  this  rock  than  in  any 
member  of  the  younger  gTeenstones  with  the  exception  of  the  actino- 
lite-zoisite  amphibolites,  being  higher  even  than  in  the  quartz-dolerite 
amphibolites ;  while  the  percentage  of  lime  is  somewhat  lower  than 
in  those  rocks.  It  is,  however,  unsafe  to  generalise  too  much  on 
the  analysis  of  one  specimen  only. 

No  ore  deposits  of  any  importance  have  been  found  in  these 
rocks,  and  from  an  economic  point  of  view  they  may  be  disregarded. 
It  should  be  mentioned  that  on  the  maps  the  country  rock  of  the 
North  Collier  mine,  in  which  a  rich  ''pipe"  of  ore  was  found  asso- 
ciated with  a  body  of  jasper  {vide  Bui.  51,  pp.  48/9),  is  shown  as 
fine-gTained  amphibolite.  There  is,  ho^^  ever,  a  small  local  develop- 
ment of  the  corresponding  greenstone  in  the  vicinity  of  tlie  ore 
body. 

(b)  The  Fine-Grained  Greenstones. 

By  the  formation  of  chlorite  and  carbonates  in  place  of  the 
hornblende,  zoisite,  epidote,  etc.,  the  fine-gxained  ampliibolites  pass 
into  the  fine-grained  gTeenstones,  various  intermediate  stages  being 
found. 

Both  Gibson  and  Maclaren  group  these  rocks  and  the  next  group 
together  under  the  title  of  "calc-schists,"  but  since  the  type  rocks 
of  each  are  quite  distinct,  although  there  is  every  gradation  between 
them,  the  writer  has  adopted  Thomson's  classification  into  two 
groui  s  corresponding  to  subdivisions  of  the  Intrusive  Greenstones. 

These  rocks  occupy  the  more  southerly  portion  of  the  eastern 
belt  of  the  Older  Greenstones.  Owing  to  the  greater  number  of 
mine  workings  in  (hem,  their  western  boundary,  with  the  exception 
of  that  portion  immediately  south  of  Williamstown,  can  be  mapped 
with  a  greater  degree  of  certainty  than  that  of  the  corresponding 
amphibolites;  its  exact  position  in  the  Westralia  United  mine 
(former  North  End  mine)  is  not  certain,  the  rock  on  the  eastern 
side  of  the  lode  channel  being  too  highly  altered  to  permit  of  definite 
determination,  but  from  the  presence  of  well-marked  spheroids  in 
places  in  the  oxidised  zone  it  probably  forms  the  eastern  wall  of 
the  southern  portion  of  the  lode,  the  northern  portion  being  entirely 
in  the  previously-mentioned  tongue  of  fine-grained  greenstone.  The 
junction    between    these  rocks  and  the  quartz-dolerite  derivatives 
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has  been  cut  in  workings  in  the  Fair  Play  Extended  immediately 
north  of  the  Bulong  road,  also  in  the  former  G.M.Ls.  547e_,  Creswick, 
and  4:259e^  Conundrum,  but  in  each  case  the  rocks  were  too  highly 
weathered  to  determine  the  relationship  between  them.  There  ap- 
pears, however,  to  be  a  development  of  considerable  jointing  and 
possibly  faulting  in  the  fine-gTained  greenstone. 

These  rocks  vary  greatly  in  the  hand  specimen,  but  all  are 
fine  in  grain  and  of  a  gTeenish-grey  colour,  usually  somewhat  paler 
than  the  corresponding  amphibolites ;  they  not  infrequently  show 
white  veinlets  of  carbonate.     Though  usually  massive  they  are 
often  schistose,  particularly  in  the  vicinity  of  the  lodes,  and  show 
considerable  jointing  and  sometimes  brecciation,  having  evidently  been 
subjected  to  severe  dynamic  action  {vide  Fig.  42  and  Plate  IV.) 
All  are  composed  of  varying  proportions  of  carbonates  and  chlorite, 
Avhile  sericite  and  rutile  are  common,  in  addition  to  pyrite  and  other 
iron  ores;  there  is  usually  a  total  absence  of  original  structure.  The 
massive  rock  is  best  seen  in  w^orkings  from  the  CresAvick  main  shaft 
[13744]  ;  in  the  Brown  Hill  Junction  the  rock  is  more  schistose. 
Very  interesting  specimens  were  obtained  by  Mr.  W.  D.  Campbell 
from  the  lower  levels  of  the  latter  mine,  now,  unfortunately,  inacces- 
sible.   Some  of  these  show  intense  shearing  and  brecciation  and  a 
curious  development  of  large  white  ovoid  areas  of  calcite,  up  to  IV2 
inches  in  length  by  1  inch  in  depth  [2827].    Another  very  interest- 
ing specimen  [2828]  shows  numerous  small  Avhite  spherules  of  car- 
bonate in  a  dark  greenish-grey  gTOundmass  and  has  the  appearance 
of  having  been  an  amygdaloidal  basalt.    A  spheroidal  or  ellipsoidal 
variety  similar  to  that  of  the  fine-grained  amphibolites  is  common, 
good  examples  occurring  in  the  Brown  Hill  Junction  and  on  the 
dump  of  a  shaft  near  the  south-west  corner  of  M.L.  104e.    As  in  the 
amphibolites  the  spheroids  contain  the  same  minerals  as  the  ground- 
mass,  i.e.,  chiefly  carbonates  and  chlorite,  with  the  carbonate  in 
greater  proportion;  the  spheroids  are  frequently  arranged  in  len- 
ticular patches.    In  the  schistose  varieties  the  spheroids,  or,  in  this 
case,  ellipsoids,  are  elongated  parallel  to  the  planes  of  schistosity, 
showing  that  shearing  has  taken  i)lace  subequent  to  their  formation. 
The  spheroidal  varieties  are  found  in  a  belt  forming  the  southerly 
extension  of  the  belt  of  the  si)heroidal  varieties  of  the  am]ihibolites, 
but  more  detailed    examination   shows    that    they    occur  mainly 
along  the  contact  with  the  Fair  Play  Extended— Creswick— A.W.A 
United  band  of  (juartz-dolerite  derivatives  rather  than  at  the  con- 
tact with  tlie  ultrabasic  rocks  as  stated  by  Thomson.*' 

In  cheiiiical  c()nii)()sil ion  Hie  (iiic-grained  greenstones  (Table 
IT.,  Nos.  2  and  :})  closely  resemble  the  fine-grained  amphibolites, 
the  main  difference  beingj  as  one  would  expect,  in  the  ]>ercentage 
of  CO.  present.   

•  Lor.  r.il.,  p.  aU. 
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The  fine-gTained  greenstones  and  ealc-schists  are  regarded  by 
Dr.  Maelaren  as  being  normally  barren,  the  occurrence  of  important 
ore-bodies  therein  being,  he  considers,  due  to  auriferous  solutions  hav- 
ing travelled  from  the  quartz-dolerite  dyke  to  which  these  ore-bodies 
are  in  fairly  close  proximity.  Mr.  Gibson*  states  that  "in  economic 
importance  the  calc-schists  probably  rank  next  to  the  quartz-dia- 
bases" (the  Golden  Mile  type  of  quartz-dolerite  greenstone),  "many 
auriferous  deposits  of  considerable  importance  occurring'  within 
them.  These,  however,  have,  so  far,  always  been  at  no  great  distance 
from  the  newer  intrusives."  Mr.  Gibson  does  not,  however,  state 
what  conclusions  he  draws  from  this  fact. 

Amongst  the  ore-bodies  occurring  in  these  rocks  at  the  North 
End  may  be  mentioned  the  North  End  Mine 's  main  lode — partly  in 
fine  grained  greenstone,  partly  at  its  contact  with  the  Younger 
Greenstones;  two  parallel  lodes  in  the  Isabel  G.M.L.,  the  eastern  ore 
bodies  of  the  Creswick  and  those  of  the  BroAvn  Hill  Junction  and 
the  Mt.  Ferrum  Consols.  It  will  be  noticed  that  these  are  all 
situated  near  the  contact  with  the  quartz-dolerite  derivatives,  and, 
moreover,  all  or  nearly  all,  connect  with  a  narrow  and  very  per- 
sistent formation,  to  be  described  later,  which  runs  through  the 
Isabel,  Creswick  and  A.W.A.  United  leases,  and  which  follows  the 
junction  of  the  two  rocks  fairly  closely.  This  evidence  would  seem 
to  bear  out  Dr.  Maelaren 's  views,  but  more  will  be  said  on  this 
point  later.  Other  than  those  already  mentioned,  but»  few  lodes 
occur  in  the  fine-grained  greenstones,  and  these  rocks  seem  to  be  of 
little  economic  importance  except  near  their  junction  with  the 
Younger  Greenstones.  Although  rich  patches  occur,  usually  under 
special  circumstances,  the  lodes  in  these  rocks  are  generally  poorer 
and  more  patchy  than  those  in  the  Younger  Greenstones. 

(c)  The  Calc-Schists. 
By  the  development  of  pyrite  and  additional  carbonates,  seri- 
cite  and  quartz  at  the  expense  of  the  chlorite,  the  fine-grained 
greenstones  pass  into  the  calc-schists. 

These  rocks,  which,  as  previously,  mentioned,  occur  within  this 
area  only  as  local  modifications  of  the  preceding  group  in  the 
vicinity  of  the  local  formations,  are  pale  grey  or  green- 
ish-grey in  colour,  frequently  blotchy  in  appearance,  very  fine 
in  grain,  and  show  frequent  veinlets  of  calcite.  Though  generally 
massive  in  "The  Mile,"  in  this  area  the  schistose  varieties  predom- 
inate. The  best  specimens  obtained  by  the  writer  were 
from  the  former  Mt.  Ferrum  Consols  G.M.L.  4230e,  near 
the  hanging  wall  of  the  lode  [13776].  In  section,  they  are 
seen  to  be  composed  chiefly  of  very  finely  granular  carbonates,  seri- 
cite,  and  some  quartz,  rutile  is  commonly  present  and  small  grains 
of  pyrite  are  frequently  distributed  through  the  rock. 

•  hoc.  cit.,  p.  18. 
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2.  A.-THE  INTRUSIVE  OR  YOUNGER  GREENSTONES. 

The  rocks  of  this  series  occur  within  this  area  as  a  large  dj^ke- 
like  mass  Avith  a  general  strike  of  rather  less  than  30  degrees  west 
of  north  and  apparently  intrusive  into  the  Older  Greenstones.  This 
dyke  extends  beyond  the  limits  of  the  map,  both  to  the  north  and 
to  the  south;  nortliwards  its  full  extent  is  unknown,  southwards 
it  extends  beyoi:id  thei  Golden  Mile.  Within  this  area  it  reaches  its 
greatest  width  of  rather  more  than  a  mile,  near  the  middle  of  the 
map — its  full  extent  to  the  west  of  Mullingar  being,  however, 
liidden  by  superficial  deposits.  It  narrows  considerably  to  the 
north,  being  little  more  than  30  chains  in  width  as  it  passes  beyond 
the  limits  of  the  map.  At  the  southern  end  of  the  map,  the  western 
boundary  is  again  obscured,  but  the  dyke  seems  to  have  narrowed 
to  a  A\idth  of  about  half-a-mile ;  it  widens  again  as  it  approaches 
The  Mile. 

One  other  occurrence  of  the  Younger  Greenstones  was  observed 
within  this  area,  specimens  of  quartz-dolerite  amphibolite  being 
obtained  from  a  dump  on  M.L.  lOoE,  north  of  the  Bulong  Road. 
This  occurrence  may  represent  tlie  northern  end  of  Dr.  Maclaren's 
Brownhill  branch,  or  form  part  of  another  smaller  branch.  It  was 
not  seen  in  situ — the  shaft  being  inaccessible — and  is,  therefore, 
not  shown  on  the  map. 

Altliou<*h  the  western  boundary  of  the  main  dyke  is  completely 
obscured,  in  places,  at  any  rate,  it  extends  considerably  further 
west  than  shown  on  Mr.  Gibson's  map.*'  The  eastern  boundary, 
adjoining  the  eastern  belt  of  Older  Greenstone  can  be  followed 
comparatively  closely,  though  doubtful  at  some  points  owing  to  the 
similarity  between  some  altered  forms  of  the  quartz-dolerites  and 
doleritcs  and  the  fine-grained  amphibolites ;  on  the  whole  it,  too, 
runs  somewhat  further  west  than  shown  by  Gibson. 

The  Younger  Greenstones  vary  from  basic  to  ultra-basic,  viz., 
from  derivatives  of  quartz-dolerite  or  quartz-gabbro  to  probable 
jieridotite  derivatives.  The  change  from  one  type  to  another 
appears  to  be  gradual,  and,  in  consequence,  the  positions  of  boun- 
dary lines  between  the  different  members  of  the  series  is,  to  some 
extent,  arbitrary.  From  their  general  occuiTence  in  the  field,  the 
different  members  of  this  series  appear  to  have  been  intruded  as 
one  mass,  different  portions  of  which  varied  greatly  in  composition, 
rather  than  as  a  series  of  separate  dykes,  willi  an  interval  of 
time  between  eacli.  This  question  will  be  gone  into  more  fully 
on  a  later  page.  On  tbe  wliole,  in  tliis  portion  of  the  field,  the 
western  hall'  ol'  the  dyke  is  less  basic  than  the  eastern,  although 
small  areas  ol"  (juartz-dolerite  derivatives  occur  along  its  eastern 
margin. 

•  Lnc.  c:t.,  Plate  TI. 
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(a)  The   Quartz-Dolerite  Amphiholites    [Epidiorites  (a)]. 

The  main  area  of  these  rocks  is  a  belt  of  greatly  varying 
width,  usually  occupying  the  westernmost  portion  of  the  main  dyke, 
but  extending  over  its  full  width  at  the  southern  end  of  the  map. 
splitting  into  two  branches  at  the  southern  end  of  Mt.  Gledden. 
The  western  branch  runs  northwards  through  the  western  portion 
of  the  Cassidy  Hill — where  it  is  about  five  chains  in  width — 
llannan's  Reward  and  Mt.  Charlotte  leases;  thence  through  Mul- 
lingar — where  it  reaches  its  greatest  width  of  about  25  chains — 
gradually  narrowing,  to  apparently  tail  out  to  the  west  of  the 
Hannans  North  No.  2,  the  quartz-dolerite  greenstone  spreading 
across  to  the  western  edge  of  the  dyke;  a  deposit  of  laterite, 
however,  obscures  the  rocks  at  this  point.  North  of  the  former 
Monte  Carlo  lease,  the  quartz-dolerite  amphibolite  is  again  in  evi- 
dence, being  exposed  on  a  few  dumps  about  20  chains  north  of 
M.H.L.  83e  and  beyond  the  limits  of  the  map;  its  boundaries, 
however,  are  entirely  hidden.  The  eastern  branch  runs  between 
the  eastern  slope  of  Mt.  Gledden  and  the  western  boundary  of 
Williamstown,  apparently  ending  before  it  reaches  the  main  I'oad 
leading  to  Bulong  and  Parkestown.  Another  small  area  occurs 
to  the  north  along  the  same  line,  on  the  northern  slope  of  Mt. 
Charlotte;  and  small  areas  of  this  rock  occupy  the  eastern  mar- 
gin of  the  main  dyke  along  the  western  boundary  of  the  Isabel 
and  m  the  western  portions  of  the  Euclid  and  Devon  Consols  South 
Ex.  leases;  while,  as  already  mentioned,  a  small  outcrop  occurs  near 
the  corner  of  Harley  and  Hinemoa  Streets,  and,  finally,  there  is 
the  occurrence  of  specimens  of  this  rock  on  a  dump  on  M.H.L. 
105e. 

Although  some  varieties  of  particularly  coarse  grain  show 
traces  of  a  gabbroid  structure  in  section,  in  by  far  the  greater 
number  the  remains  of  structure  shown  are  of  an  ophitic  character, 
and  the  original  rock  was,  in  the  main,  undoubtedly  a  quartz- 
dolerite,  merging  into  a  quartz-gabbro  in  places. 

As  oxidation  has  seldom  reached  any  great  depth  in  the  rocks 
of  this  group,  outcro^js  are  fairly  common. 

The  type  rock,  corresponding  to  Thomson's  "epidiorites  with 
micropegmatite"  and  Gibson's  "felspathic  amphiholites,"  is  exposed 
in  outcrops  at  the  back  of  the  Warden's  Residence,  in  Wordsworth 
Street,  east  of  the  Mullingar  Quarry,  on  a  dump  on  the  Gem  G.M.L. 
4331e,  and  also  on  outcrops  on  the  western  slope  of  Mt.  Char- 
lotte and  on  the  Hannans  Find  G.M  L.  4470e.  In  the  hand  speci- 
men these  are  fairly  fresh,  medium  coarse-grained,  massive,  hard, 
fairly  tough  rocks,  showing  crystals  of  dark  green  hornblende 
scattered  in  a  white,  felspathic  ground,  giving  the  rock  a  speckled 
appearance;  to  the  naked  eye,  the  two  minerals  appear  to  be  pre- 
sent in  fairly  equal  proportions,  varying  slightly  in  different  locali- 
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ties.  In  section  these  rocks  are  seen  to  consist  of  uralitic  horn- 
blende, columnar  crystals  of  plagioclase  felspar — usually  sauss- 
uritised — with  some  interstitial  quartz,  and  micropegmatite  is  fre- 
quently, but  not  always,  present ;  apatite  is  common ;  original  ilmenite 
is  now  largely  replaced  by  leucoxene.  (For  analysis,  vide  Table  II., 
No.  4.) 

The  rock  from  the  eastern  margin  of  the  main  dyke,  as  re- 
presented by  specimens  from  the  Euclid  shaft  [12740],  is  very 
similar  to  the  above,  but  tlie  original  ferro-magnesian  mineral  is 
now  largely  represented  by  chlorite,  while  a  fair  amount  of  car- 
bonate is  present  in  addition  to  saussurite,  and  there  is  much  leuco- 
xene, the  rock  gemerally  showing  an  intermediate  stage  between 
the  ampliibolites  and  the  greenstones.  Fair-sized  areas  of  gTanular 
epidote  were  present  in  fragments  of  quartz  on  the  dump. 

A  very  coarse  pegmatitic  variety  of  the  quartz-dolerite  am- 
phibolite  is  found  on  a  dump  near  the  centre  of  the  former  Eagle- 
hawk  United  G.M.L.  3770e,  at  the  foot  of  the  western  slope  of  Mt. 
Gledden.  Specimens  from  the  dump  [12937]  show  a  dark  green 
rock  with  large  platy  crystals  of  hornblende,  usually  about 
half  an  inch  in  length.  Thomson'*'  mentions  one  measuring  four 
cms.  in  length  by  one  cm.  in  breadth  and  two  mm.  in  thickness; 
though  usually  flat,  the  hornblende  plates  are  frequently  curved  to 
resemble  the  section  of  a  barrel.  In  section  the  rock  resembles  the 
more  normal  amphibolites,  but  a  good  deal  of  chlorite  and  carbonates 
are  present  and  the  structure  is  less  markedly  ophitic.  The  rock  is 
associated  on  the  dump  with  more  numerous  fragments  of  a  rock 
[12938],  resembling  those  of  the  normal  type,  but  finer  in  grain, 
and  with  the  ferro-magnesian  present  in  greater  proportion.  Both 
varieties  are  frequently  found  in  the  one  specimen. 

The  coarser  gabbroid  variety  occurs  in  various  localities,  not- 
ably on  a  dump  on  the  northern  slope  of  Mt.  Charlotte  [13814], 
also  on  a  dumj)  about  half  way  along  the  road  from  Williams- 
town  to  the  corresponding  station  on  the  Brown  Hill  Railway  line, 
and  east  of  G.M.L.  4470e  [12935].  A  specimen  [13419]  with  gab- 
broid affinities  was  also  obtained  from  the  dump  of  the  Hannans 
Hill  water  shaft.  These  rocks  are  not  greatly  dissimilar  to  the 
Warden's  residence  type,  but  the  ferro-magnesian  is  present  in 
greatei-  lU'oportion,  and  in  section  large  interstitial  quartz  plates 
and  exceptionally  large  rods  of  ai)atile  are  seen,  and  the  structure 
ap])! oachos  the  gabl)roid. 

Hni  lew  lode  Toi-inations  occur  in  the  (|uar( z-dolerite  ampliib- 
olites,  and  these  are  extremely  low  in  grade.  Such  occur  on 
former  G.M.L.  4470e^  Hannan's  Find,  and  on  G.M.L.  4524e,  on  the 
jiorth-east  slope  of  the*  Mullingar  Hill.    Some  cross  veins  of  quartz 

•LOC.  Clt.,  \>.  ♦i*!). 
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extend  from  the  greenstones  into  these  amphibolites,  but  they  are 
seldom  payable  below  the  limit  of  the  oxidised  zone,  which  in  these 
rocks  is  usually  not  far  from  the  surface.  In  the  Kalg'oorlie  dis- 
trict, therefore,  these  rocks  are  practically  of  no  economic  import- 
ance, although  in  other  districts  where  the  ore-bodies  occur  as  reefs 
rather  than  lode-formations  payable  deposits  are  found  therein. 

(b)  The  Quartz -I) olerite  Greenstones. 

The  passage  of  the  quartz-dolerite  amphibolites  into  the  cor- 
responding greenstones  can  be  traced  through  intermediate 
varieties. 

The  main  belt  of  these  rocks  starts  at  the  southern  end  of 
Mt.  Gledden  and  runs  northwards  through  Cassidy  Hill,  Hannan's 
Hill  and  Mt.  Charlotte ;  thence  across  the  Kanowna  Railway  line 
and  throug'h  the  Napoleon,  Golden  Zone  and  Ineeda  leases,  ap- 
pai-ently  tailing  out  in  the  vicinity  of  the  old  Monte  Carlo. 

Another  small  belt  starts  near  the  southern  end  of  Williams- 
town  and  runs  north  ]:)ast  the  south-west  corner  of  the  Isabel  to 
join  the  small  area  of  quartz-dolerite  amphibolite  east  of  the 
Fair  Play.  A  third  area  of  these  rocks  is  found  crossing  Hinemoa 
Street,  west  of  Mullingar,  but  its  northerly  and  southerly  exten- 
sions could  not  be  traced. 

In  this  area  these  are  usually  dull  greenish  grey  rocks  from 
medium  to  fairly  fine  in  g-rain,  being  usually  somewhat  finer- 
grained  than  the  preceding  group,  from  which,  owing  to  their 
indefinite  appearance  in  the  hand  specimen  they  are  easily  distin- 
guished. Though  usually  massive,  schistose  varieties  occur.  Small, 
pale  purplish  patches  of  leucoxene  are  frequently  distinguishable 
in  the  hand  specimen,  and  in  the  coarser  varieties  outlines  of 
former  felspars  are  sometimes  visible.  In  section  they  are  seen 
to  consist  largely  of  granular  carbonate,  together  with  chlorite, 
much  quartz,  and  a  pronounced  development  of  leucoxene  and 
micropegmatite.  Varieties  in  which  there  is  a  large  development 
of  tourmaline  are  found  in  the  Mt.  Charlotte  G.M.L.  211e  [13472 
and  13468]. 

The  chemical  composition  of  specimens  of  these  rocks  is  shown 
in  Table  I.,  Nos.  5,  6  and  7.  In  the  eastern  belt  of  these  green- 
stones there  is  sometimes  a  tendency  towards  the  gabbroid  struc- 
ture ([13740]  A.W.A.  United),  found  in  some  of  the  amphibolites. 

Economically  this  group  is  the  most  important  of  any.  On 
The  Mile  it,  together  with  the  bleached  varieties,  forms  the  coun- 
try rock  of  most  of  the  rich  lodes.  At  the  North  end,  lode  forma- 
tions are  not  so  common  in  these  rocks,  the  Golden  Zone  line  of  lode 
being  the  most  persistent.  Of  considerable  importance,  however,  are 
two  series  of  quartz  veins  striking  across  the  country,  the  one  at 
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about  30  degrees  north  of  east  and  varying  in  dip  from  60  degi-ees 
to  the  north  to  vertieality;  the  other  striking  nearly  east  and  west 
and  dipping  to  the  north  at  about  30  degrees.  Both  series  carry 
good  values,  there  being  little  to  choose  between  them  in  this  re- 
spect. Such  veins  have  been  worked  to  a  very  great  extent  in  the 
Hannan 's  Reward-Mt.  Charlotte  mine  and  also  in  the  Cassidy 
Hill,  Cassidy 's  l^orth,  Maritana  and  Cunard  mines. 

(c)  The  Bleached  Greenstones. 

Between  the  type  rocks  of  this  and  the  previous  group  there 
is  every  gradation,  and  the  relationship  between  the  two  is  obvious 


Fig.  1. 


when  llic  rocks  arc  soon  together  in  stitu.  Tyjiically,  these  are 
wliiiisli  lo  pjile  grey  oi-  pinkish  rocks,  usually  of  medium  grain  and 
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somewhat  granitic  appearance,  but  characterised  by  the  presence  of 
p^Tntes,  often  in  large  quantities.  Although  attaining  a  large 
development  on  The  Mile,  at  the  North  End  they  are  usually  found 
as  narrow  bands  a  few  inches  in  width  on  the  walls  of  the 
cross  quartz  veins  {vide  Figs.  1  and  11).  They  differ  from  the 
rocks  of  the  preceding  group  in  the  complete  or  almost  complete 
absence  of  chlorite  with  the  development  of  pyrite,  which  is  some- 
times found  replacing  leucoxene  and  greater  quantities  of  quartz, 
sericite,  and  carbonates,  and  have  evidently  resulted  from  the 
action  of  sulphur-bearing  solutions,  and  represent  a  greater  degree 
of  vein  alteration  than  the  preceding  rock.  Typical  specimens 
are  found  on  the  Hannans  Reward-Mt.  Charlotte  leases  L2765, 
2775],  and  also  occur  in  a  crosscut  from  the  northernmost  shaft 
in  the  A.W.A.  United  G.M.L.  4051e  [12924].  Schistose  varieties 
of  these  rocks  are  found  in  the  east  crosscut  at  the  290ft.  level 
from  the  ^'Charlotte"  Main  Shaft  [13464]. 

(d)   The  Actinolite-Zoisite  Amphibolites. 

The  original  forms  of  the  rocks  of  this  group  Mould  be  ex- 
tremely doubtful,  were  one  to  judge  by  the  individual  specimens 
alone.  In  general  appearance,  composition  and  usual  absence  of 
igneous  structure,  they  closely  resemble  the  second  type  of  fine- 
grained amphibolites,  with  which  one  would  be  tempted  to  group 
the  majority,  were  it  not  for  tlie  opposing  field  evidence.  They 
can  be  separated  into  two  subdivisions: — 

(a)  Those  derived  from  quartz-dolerites,  and 

(b)  Those  derived  from  dolerites. 

(a)  The  relationship  of  the  rocks  of  the  first  subdivision  can 
be  more  easily  traced  than  those  of  the  second.  The  only  occur- 
rence observed  was  a  small  outcrop  in  Hinemoa  Street,  between 
the  previously  mentioned  areas  of  quartz-dolerite  amphibolite  and 
quartz-dolerite  greenstone  in  that  locality;  the  gradual  passage  of 
the  actinolite-zoisite  rock  into  the  quartz-dolerite  amphibolite  could 
easily  be  traced  in  the  field. 

These  rocks  are  fairly  coarse  in  grain  and  of  a  somewhat 
mottled  appearance.  In  the  hand  specimen,  the  long  blades  of 
greenish-gTey  horn])lende  can  readily  be  traced  by  their  lustre.  In 
some  sections  these  rocks  are  very  similar  to  the  normal  quartz- 
dolerite  amphibolites,  except  for  the  development  of  actinolitic 
hornblende,  and  remnants  of  an  ophitic  structure  can  be  seen. 
Other  sections  sometimes  from  the  same  specimens  as  the  last, 
present  a  more  altered  appearance,  the  felspars  being  represented 
by  a  mass  of  epidote  and  zoisite  grains,  whilst  the  structure  is 
indefinite. 
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(b)  The  rocks  of  the  second  subdivision  more  closely  resemble 
the  fine-grained  amphibolites  in  outward  appearance.  They  are 
fairly  hard,  tough,  dark  greenish-grey  rocks,  fairly  fine  in  grain, 
but  the  needles  of  aetinolitic  hornblende,  though  smaller  than  in  the 
rocks  of  the  first  subdi\'ision,  are  easily  discernible.  The  outcrops 
of  these  rocks  sometimes  show  spheroidal  weathering.  They  are 
found  in  a  roughly  oval -shaped  area  extending  southwards  from  the 
southern  end  of  the  Bonnie  Play  G.M.L.  4088e,  through  the  western 
portion  of  the  Fair  Play  G.M.L.  4052e  and  the  north-eastern  half 
of  the  Hidden  Secret  North  G.M.L.  4035e.  Some  of  the  rocks  now 
grouped  as  dolerite  greenstones  have  evidently  been  derived  from 
rocks  of  this  type,  as  intermediate  forms  composed  of  aetinolitic 
needles,  party  chloritised,  in  a  ground-mass  of  carbonates  and 
sericite,  are  found  on  G.M.L.  4035e  and  at  the  400ft.  level  from  the 
Hidden  Secret  main  shaft. 

The  fact  that  the  gradual  passage  of  these  rocks  into  the  platy 
hornblendites  (Bonnie  Play  G.M.L.  4088e,  crosscut  from  a  shaft 
170  feet  north-west  of  the  east  corner)  and  into  the  talc-chlorite- 
carbonate  rocks  derived  therefrom  (east  crosscut  from  shaft  on 
former  G.M.L.  4080e,  north-east  of  G.M.L.  4035e)  can  be  traced  in 
the  field  is  strong  evidence  in  favour  of  their  inclusion  in  the 
Younger  Greenstone  series.  An  analysis  of  one  of  these  rocks  (Table 
II.,  No.  7),  however,  agrees  very  closely  with  those  of  tlie  Older 
Greenstones.  These  are  probably  the  rocks  described  by  Thomson* 
as  a  thin  band  of  fine-grained  amphibolite  separating  the  large  "in- 
trusion" of  ultrabasic  rocks  from  the  main  quartz  dolerite  dyke. 
Small  and  apparently  unpayable  lode-formations  occur  in  these 
varieties  of  amphibolites,  which,  from  an  economic  standpoint,  may 
be  disregarded. 

(e)  The  Dolerite  Greenstones. 

Other  than  subdivision  (b)  of  the  actinolite-zoisite  ani]iliibolites, 
no  dolerite-amj)hibolites  were  found  within  this  portion  of  the  field. 
Dr.  Tliomson,  however,  mentionsf  their  occurrence  as  a  local  facies 
of  the  quartz-dolerite  amphibolite  at  Kalgoorlie,  the  locality  not 
being  given;  and  he  further  stales  that  they  "are  Inore  abundant  in 
the  ridges  to  the  west  of  the  town." 

On  the  other  liand,  dolerite  greenstones,  which  are  not  mentioned 
by  the  last-named  vvi-iter,  occupy  a  f'aii-ly  large  area.  The  main  belt 
of  these  rocks  starts  near  the  southern  end  of  Williamslown  and  in- 
cludes most  of  the  area  covered  by  the  townsliij),  the  western  portion 
of  the  Hidden  Secret  group  of  leases,  tlie  Hannans  Reward  North, 
tlie  Red  Wiiite  and  Blue,  part  of  tlie  Sons  of  Gwalia,  practically 
the  whole  of  the  Devon  Consols,  and  i)robably  the  eastern  portion 
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of  the  Union  Club  G.M.L.,  ending  probably  in  the  vicinity  of  the 
boss  of  albite-porphyrite  east  of  the  Ivy.  The  belt  of  this  rock  in 
which  the  Mullingar  quarry  is  situated  has  already  been  mentioned 
— its  northern  and  southern  extensions  are  obscured.  Another  small 
area  is  found  east  of  the  junction  of  the  Bulong  and  Parkestown 
Roads,  being  ex^Dosed  in  a  small  quarry  near  the  centre  of  the  Bonnie 
Play  lease;  at  its  southern  extremity  this  branch  joins  the  area  of 
actinolite-zoisite  amphibolite.  Another  branch,  probably  joining 
the  last  in  the  Rising  Sun  Gr.M.L.  4039e,  is  found  on  the  Fair  Play, 
where  it  can  be  seen  both  in  the  mine  workmgs  and  in  a  fairly 
prominent  outcrop  200  feet  south-west  of  the  main  shaft.  Small 
patches  of  these  rocks,  not  mapped,  occur  within  the  area  shown  as 
talc-chlorite-carbonate  rock,  with,  which  they  are  so  closely  asso- 
ciated—there being  apparent  intermediate  forms — as  to  suggest 
that  they  are  variations  of  the  same  rock-mass. 

Gibson  makes  no  mention  of  these  rocks  under  this  title,  but 
a  iDortion  of  the  area  occupied  by  them  was  mapped  by  him  as  a 
''basic"  variety  of  the  ''coarse-grained  amphibolites"  ;*  the  rock  in 
the  small  quarry  in  the  Bonnie  Play  he  classes  as  a  derivative  of 
peridotite,  but  states f  that  it  is  rather  on  account  of  its  agreeing 
very  closely  in  analysis  (Table  II.,  No.  8)  with  the  carbonated 
peridotite  occurring  on  the  western  edge  of  Hannan's  Lake 
than  on  its  petrological  characters.  In  section  this  quarry  rock 
[11029  and  12738],  as  examined  by  Mr.  Farquharson,  is  found  to 
consist  of  fibrous  plat}^  chlorite,  a  fair  amount  of  carbonate  in 
shapeless  plates?  and  also  of  irregular  platy  felspars  largely  kaolin- 
ised;  a  little  quartz  is  present  and  also  some  rutile  needles — these 
features  hardly  agree  with  those  of  an  altered  peridotite,  and  the 
analysis  of  so  highly  altered  a  rock  can  hardly  be  a  guide,  as  there  is 
frequently  a  migration  of  a  portion  of  the  original  rock  consti- 
tuents; in  the  case  of  these  rocks,  as  with  the  quartz-dolerite  green- 
stones, the  formation  of  the  numerous  cross  veins  of  quartz  would 
lower  the  silica  percentage,  whilst  the  introduction  of  CO^  in  large 
quantities  would  reduce  the  percentage  of  the  other  constituents; 
moreover,  the  relative  proportion  of  MgO  to  CaO  is  less  than  that 
shown  in  the  analysis  of  a  platy  hornblendite  (Table  II.,  No.  10)  ; 
it  must  be  admitted,  however,  that  the  percentage  of  alumina  is 
somewhat  low. 

In  general  these  rocks  are  composed  of  carbonates  in  large 
quantities,  chlorite,  felspars  now  chloritised  or  kaolinised;  leucoxene 
and  pyrite  are  frequently  present,  and  in  some  specimens  the  pre- 
sence of  a  little  interstitial  quartz  links  these  rocks  with  the  quartz- 
dolerite  greenstones;  micropegmatite  is  absent.  Traces  of  an 
ophitic  structure  are  occasionally  found. 

*Loc.  cit.,  Plate  I.  '\fjnc.  cit.,  p.  46. 
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Other  than  some  of  the  fuchsite-carbonate-quartz  rocks  de- 
scribed later,  the  writer  did  not  notice  any  bleached  varieties  of 
these  rocks,  although  such  may  occur. 

Economically  the  dolerite  gi-eenstones  are  of  considerable  im- 
portance, forming  as  they  do  the  country  rock  of  the  Hidden  Secret 
and  Fair  Play  lodes,  while  numerous  cross  quartz  veins  have  been 
worked  on  the  Bonnie  Play  and  Red  White  and  Blue  leases. 

(f)  The  Lustre-mottled  Amphibolites. 

Rocks  of  this  type  are  not  found  strictly  within  the  limits  of 
the  map,  but  an  outcrop  occurs  about  13  chains  south  of  west 
from  the  Rifle  Range  hill,  iDrobably  only  a  local  variation  from  the 
quartz-dolerite  amphibolite. 

In  the  hand  specimen  these  are  massive,  coarse-grained,  dark 
greenish  rocks,  with  large  irregular  hornblende  crystals  showing  the 
characteristic  lustre-mottling.  A  specimen  from  the  above-men- 
tioned outcrop  proved  in  section  to  consist  of  nearly  colourless  to 
bluish-gi'een  hornblende,  felspar  largely  epidotised  and  zoisitised, 
and  irregular  pieces  of  leucoxene;  an  ophitic  structure  was  ap- 
parent. No  analysis  was  made  of  this  specimen,  but  for  comj^arison 
with  other  types,  that  of  a  specimen  [2117],  somewhat  carbonated, 
from  the  Great  Boulder  No.  2  main  shaft,  has  been  inserted  (Table 
II.j  No.  9).  A  detailed  description  of  these  rocks  is  given  in  Dr. 
Thomson's  paper.* 

The  lustre-mottled  amphibolites  are  of  no  economic  imj^ort- 
ance. 

(g)  The  Platy  Hornhlendites. 

Fairly  fresh  rocks  of  this  type  occupy  an  area  which  includes 
the  south-western  portion  of  the  North  End  Extended  G.M.L.  4485e 
and  the  greater  portions  of  G.M.Ls.  436(Se  Dar  Kan,  and  4507e 
North  End  Deeps.  Another  small  area,  roughly  on  the  same  strike, 
but  separated  by  the  Bonnie  Play  branch  of  dolerite  greenstone,  is 
found  at  the  junction  of  the  Bonnie  Play,  Fair  Play,  and  Fair  Play 
Extended  leases. 

The  hornhlendites  are  tough,  massive,  dark  greenish  rocks,  of 
medium  coarse  grain,  wholly,  or  almost  wholly,  composed  of  aggre- 
gates of  platy  hornblende  crystals  of  uniform  grain  [12739] ; 
a  marked  sharply  angidar  jointing  is  characteristic  of  these  rocks 
(Fig.  2).  In  section  the  hornblende  appears  as  large  platy  pale 
greenish  crystals  and  also  as  extremely  fibrous  forms  in  a  base  of 
chlorite,  carbonates,  s[)hene,  and  fibrous  hornblende.  For  an  analysis 
of  a  si)ecimen  from  a  shaft  near  the  western  end  of  the  boundary 
belvveen  the  North  l']nd  Extended  and  the  Dar  Kan  leases,  vide 
Table  IT.,  No.  10. 


*Loc.  cit.,  p.  039,  el  neq. 
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On  Mr.  Gibson's  map*  these  rocks  are  included  in  the  "basic 
amphibolites." 

By  the  development  of  talc,  chlorite,  and  carbonates  the  horn- 
blendites  pass  through  intermediate  forms  into  the  next  group. 
They  are  of  no  economic  importance. 

Fig.  2. 


6v-  6^  BONNIE  PLAY  GML  4088^  ^  Eas,re,rr,  SljafP 
SKeKcKp    3)poWir)(^    sl^arplj/     ^ty^uiar   joirjKirjg    of    ^JO^  ijble^dll^e 


(h)  The  Talc-Chlorite-Carbonate  Rocks. 
These  rocks  are  found  over  a  wide  area,  reaching  their  greatest 
developm.ent  in  the  more  northerly  portion  of  the  area  mapped. 
North  of  the  Kanowna  Railway  line  they  appear  to  occupy  the  east- 
ern half  of  the  Younger  Greenstone  dyke.    No  unweathered  out- 

*  Loe.  cit.,  Plate  I. 
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crops  are  found,  the  rock  being  exposed  only  on  dumps  and  in 
mine  workings,  but  these  are  sufficiently  numerous  to  enable  a  fair 
estimate  to  be  formed  of  the  extent  of  these  rocks;  their  boundaries 
are  entirely  obscured.  The  northerly  continuation  of  the  main  belt 
of  these  rocks  beyond  the  limits  of  the  map  can  be  traced  by  a 
dump  about  three  chains  west  of  the  western  corner  of  the  former 
Rifle  Range  Reserve  8353.  South  of  the  Kanowna  Railway  a  smaller 
band  starts  near  the  laterite-capped  hill  south  of  the  Devon  Consols, 
and  runs  south  to  the  southern  end  of  the  Bonnie  Play.  Another 
area  occurs  between  the  Fair  Play  and  Hidden  Secret  mines ;  in 
places  this  last  area  is  less  altered  than  usual  and  shows  inter- 
mediate forms  approaching  the  hornblendites. 

These  rocks  are  usually  massive,  but  sometimes  schistose.  In 
the  hand  specimen  they  are  medium  fine  to  fine  in  grain,  either  pale 
greenish-grey  or  dark  grey  in  colour,  can  be  scratched  by  the  finger 
nail?  and  are  usually  very  soapy  in  feel,  though  sometimes  rather 
gritty  owing  to  the  number  of  small  carbonate  crystals  frequently 
visible  to  the  naked  eye.  In  section  they  are  usually  found  to  con- 
sist of  much  carbonate,  aggregates  of  chlorite  and  also  of  talc  and 
a  little  quartz ;  rutile  is  common.  Carbonate  veins  in  these  rocks 
prove  to  be  composad  of  a  ferriferous  variety  of  dolomite,  and  the 
carbonate  in  the  rocks  themselves  is  probably  largely  of  this  cha- 
racter. Analyses  of  these  rocks  (Table  II.,  No.  11)  approximate  to 
those  of  the  hornblendites,  the  chief  differences  being  the  lower  per- 
centage of  silica  and  the  marked  increase  of  potash. 

In  Mr.  Gibson's  map  of  the  North  End,  the  area  occupied  by 
these  rocks  is  shown  as  ^'Quartzose  Amphibolite,"  but  on  the  30-chain 
map  he  also  shows  two  peridotite  dykes,  evidently  regarding  the 
talc  rocks  as  derivatives  of  the  latter.  Owing  to  the  comparative 
absence  of  mine  workings  at  the  time  of  his  survey,  he  failed  to  note 
the  full  extent  of  the  area  occupied  by  these  rocks. 

The  talc-chlorite-carbonate  rocks  have  not,  on  the  whole,  proved 
of  great  economic  importance,  but  low  grade  formations,  such  as 
the  Mystery  line  of  lode,  liave  been  worked  therein.  This  formation 
occurs  at  the  contact  with  the  large  albite-])ori)hyrite  dyke  oecu]iying 
the  centre  of  the  10-chain  map.  'Smith's  lode,"*'  also  in  the  talc- 
rocks  is,  so  far  as  can  be  judged  i'vom  tlie  oxidised  rock,  a  line  of 
fuchsite-carbonate-quartz  rock  in  wliicli  there  are  numerous  cross 
quartz  veins,  in  which  the  gold  usually  occurs.  Other  low  grade 
formations  such  as  those  of  the  former  Sir  John  and  the  Union  Club 
leases  appear  to  be  associated  with  albite-])or|)hyrite  dykes,  but  in 
these  instances  the  rocks  are  too  deconii)()sed  for  definite  determina- 
tion. 


•  BuUetin  51,  pp.  41-42. 
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(i)  The  Talc-Mesitite  Rocks. 

Only  one  small  area  of  these  rocks  occurs  within  the  limits  of 
the  map,  namely,  to  the  east  of  G.M.Ls.  4529e^  211e^  and  97e^  and  in 
the  South-Western  portion  of  G.M.L.  796e.  Its  boundaries  were 
nowhere  visible,  and  those  shown  on  the  map  do  not  pretend  to  any 
degree  of  accuracy.  This  area  lies  to  the  east  of  a  belt  of  fuchsite- 
carbonate-quartz  rock,  with  which  it  is  evidently  closely  associated. 

In  the  hand  specimen  these  rocks  resemble  those  of  the  precedins; 
group,  except  for  the  marked  development  of  very  coarse  mesitite 
(2MgC0„  FeCO,)  crystals,  sometimes  reaching  one-third  of  an  inch 
in  length  [13424-5].  In  addition  to  the  coarse  mesitite  crystals  they 
are  largely  composed  of  granular  carbonates,  some  chlorite,  large 
areas  of  talc,  some  quartz  and  occasionally  felspar.  The  derivation 
of  these  rocks  from  an  original  peridotite  is  by  no  means  certain. 
In  chemical  composition  (Table  II.,  No.  12)  they  differ  from  the 
preceding  group  chiefly  in  the  very  much  higher  ratio  of  the  mag- 
nesia and  ferrous  oxide  to  the  lime,  while  the  alumina  percentage 
IS  much  lower.  These  rocks,  together  with  the  serpentines,  repre- 
sent the  ultrabasic  pole  of  the  Younger  Grreenstone  of  the  North 
End.  No  ore  bodies  have  been  found  in  the  small  area  occupied 
by  these  rocks. 

(j)  The  Serpentines. 

Rocks  of  this  character  within  this  area  are  represented  only  by 
a  specimen  [3391]  collected  by  Mr.  E.  S.  Simpson  from  the  dump 
of  the  old  Kapai  main  shaft  (now  in  G.M.L.  4320e^  Ivy),  and  some 
fragments  of  a  bore  core  from  the  300ft.  level  of  the  same  shaft.  Tliis 
bore  was  put  in  west  from  the  west  crosscut  at  this  level  for  a  total 
distance  of  459  feet ;  the  specimen  examined  is  from  a  point  300  feet 
west  of  the  crosscut.  The  lower  levels  of  this  shaft,  from  which 
several  other  interesting  specimens  have  been  obtained,  were  unfor- 
tunately inaccessible  during  my  examination  of  the  more  northerly 
portion  of  the  area,  and  although  at  a  more  recent  visit  I  was  able 
to  get  down  to  the  300ft.  level,  such  portions  thereof  as  were  acces- 
sible were  too  much  hidden  by  mud  for  much  to  be  visible;  moreover, 
the  workings  at  this  level  appeared  to  be  only  in  the  jasper  and  (he 
highly  sheared  and  altered  rock  in  the  immediate  ^'icinity.  None  of 
the  serpentine  rocks  being  found  in  the  field,  no  defined  area  can 
be  assigned  to  them  on  the  map. 

In  the  hand  specimen  these  are  fine-grained,  soft,  soapy  green- 
ish-grey rocks  of  fairly  typical  serpentinous  appearance;  a  few 
carbonate  crystals  are  visible  to  the  naked  eye.  They  are  composed 
largely  of  aggregates  of  talc,  with  some  serpentine,  granular  car- 
bonates, and  numerous  magnetite  grains.  As  compared  with  the 
previous  group,  the  silica  percentage  (Table  II.,  No.  13)  is 'higher, 
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that  of  CO,  lower,  showing  that  carbonation  has  taken  place  to  a 
lesser  degree;  the  alumina  is  slightly  higher  and  the  ratio  of  mag- 
nesia and  ferrous  iron  oxide  to  lime  is  half  as  great  again. 

Serpentines  are  of  frequent  occurrence  in  the  eastern  goldfields 
and  are  usually  found  closely  associated  with  dolerites  or  gabbros 
or  their  derivatives.  They  have  not  so  far  proved  of  any  great 
economic  importance  so  far  as  gold-mining  is  concerned. 

(k)  The  Fuchsite-C arhonate-Quartz  Rocks. 

Comparatively  narrow  bands  of  these  rocks  are  of  fairly  com- 
mon occurrence  at  the  North  End.  They  attain  a  width  of  100  feet 
in  places.  The  most  persistent  line  runs  northwards  from  the  Hid- 
den Secret— where  it  runs  to  the  east  of  the  main  lode  at  the  surface, 
but  junctions  with  it  at  the  400ft.  level  {vide  Fig.  15) — west  of  the 
Bonnie  Play,  through  the  Sons  of  Gwalia  G.M.L.  3771e  and  the 
Devon  Consols  as  far  north  as  the  Transcontinental  Railway  line; 
north  of  this  it  has  not  been  traced.  At  its  northern  end 
this  band  is  less  well  defined,  and,  owing  to  the  absence 
of  accessible  deep  workings  in  the  two  last-named  mines, 
its  exact  boundaries  were  not  determinable.  A  second  band  occurs 
on  G.M.Ls.  211e  and  97e  to  the  west  of  the  talc-mesitiie  rock;  it  can 
be  best  seen  in  the  east  crosscut  at  the  290ft.  level  of  the  "Charlotte" 
shaft  on  the  former  lease  {vide  Plate  III.),  where  it  is  associated 
with  bands  of  graphitic  schist  and  an  albite-porphyrite  dyke.  So  far 
as  can  be  judged  from  the  oxidised  rock,  "Smith's  lode,"  west  of  the 
Mystery  lode,  is  another  belt  of  this  rock,  while  specimens  [12257] 
were  also  obtained  from  the  dump  of  a  deep  shaft  near  the  centre 
of  the  Hyman  G.M.L.  4406e.  This  last  appears  to  be  associated  with 
the  Mystery  lode  and  is  close  to  the  northern  portion  of  the  large 
dyke  of  albite-porpliyrite  pre^'iously  mentioned  as  occupying  the 
centre  of  the  map.  Other  smaller  areas  occur  frequently  associated 
witli  the  lode-formations  and  usually  in  the  vicinity  of  dykes  of 
albite-porphyrite. 

Numerous  cross  veins  of  milky  quartz,  usually  auriferous,  and 
resembling  those  of  the  greenstones  are  characteristic  of  these  rocks 
(Fig.  3),  the  fuchsite  scales  being  thickly  congregated  round 
tlie  veins  round  whicli  are  also  coarse  and  fine  crystals  of  pyrite  in 
fair  quantities.  Tyf)ical  sf^ecimens  are  hard,  medium  fine  to  fine- 
grained, granuLar  rocks,  usually  massive  but  frequently  sheared  and 
schislose  and  of  a  ])ale  emerald  green  colour  due  to  the  fuchsite; 
veinlots  of  carbonate  or  cryptocrystalline  (piartz  are  numerous  in 
them. 

Analyses  (Table  1.,  No.  1.  and  Table  IT.,  No.  14)  of  two  speci- 
mens agree  fairly  closely.  I'olli  willi  each  other  and  wilh  that  of  the 
talc-mesitite  rock,  except  that  in  the  one  from  the  TTynian  the  per- 
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ceutage  of  lime  is  very  low,  most  of  it  having  probably  been  re- 
moved from  the  body  of  the  rock  to  be  deposited  in  veins  which  were 
not  included  in  the  piece  analysed;  veinlets  of  carbonates  in  speci- 
mens from  the  Hj^man  and  Hidden  Secret  show  considerable  effer- 
vescence with  HCl,  thus  confirming  this  view.     The  CO.  in  the 


Fig.  3. 


fucbsite  rocks  is  nearly  double  that  of  the  talc-mesitite  rock,  and  the 
percentage  of  the  other  constituents  is  consequently  lower;  the  com- 
bined water  is  lower,  and  much  potash  has  evidently  been  intro- 
duced; the  chromium  percentage  is  almost  identical.  In  the  specimen 
from  G.M.L.  211e  the  ratio  of  lime  to  magnesia  and  ferrous  oxide 
is  midway  between  that  of  the  talc-chlorite-carbonate  and  talc- 
mesitite  rocks.  In  general  the  analysis  of  [10913]  agrees  very 
closely  with  that  of  a  similar  rock  from  the  Inglislon  Extended 
G.M.  at  Meekatharra.*  It  should  be  mentioned  that  of  the  two  North 
End  specimens,  that  from  the  Hyman  was  associated  with  talc- 

*  G.S.W.A.,  Bullelin  No.  43.  p.  80, 
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chlorite-carbonate  rocks,  that  from  the  Charlotte  mine  with  talc- 
mesitite  rock. 

These  rocks  have  been  regarded  by  previous  writers  as  highly 
altered  peridotites,  from  their  composition  in  general,  and  particu- 
larly the  amount  of  chromium  present;  this  is  most  probably  the 
case  in  some  instances,  but  close  examination  of  the  North  End  rocks 
in  the  field  shows  that  they  pass  insensibly  into  the  surrounding 
country,  which  may  be  dolerite-gi'eenstone,  talc-chlorite-carbonate, 
or  talc-mesitite  rocks;  the  inference  being  that  they  are  the  results 
of  vein  alteration  of  various  rocks,  certainly  strongly  basic  in  com- 
position, and  usually  ultrabasic,  but  are  not  necessarily  the  highly 
altered  forms  of  any  one  rock.  That  a  high  percentage  of  chromium 
does  not  necessarily  prove  the  peridotitic  origin  of  a  rock  is  shown 
by  the  analysis  of  a  hornblendite. 

The  close  association  of  these  fuchsitic  rocks  with  dykes  of 
albite-porphyrite  is  most  noticeable  and  suggests  that  the  solutions 
which  attacked  the  original  rocks  were  in  some  way  connected  with 
the  intrusion  of  the  albite-porphyrite. 

It  should  be  stated  that  except  in  the  case  of  vein-altered  speci- 
mens, no  potash  is  present  in  those  albite-porphyrites  which  have 
been  analysed,  but  on  the  other  hand  the  hornblende-porphyrites 
show  a  fairly  higli  percentage,  and  if,  as  seems  probable,  these  two 
rocks  are  closely  connected,  the  potash  may  well  have  been  intro- 
duced by  later  emanations  from  the  porphyrite  magma.  The  occa- 
sional presence  of  tourmaline  in  the  fuchsite  rocks  tends  to  confirm 
this. 

On  the  available  evidence,  then,  it  would  seem  most  likely  that 
these  rocks  in  the  North  End,  at  any  rate,  are  highly  altered  forms 
of  the  more  highly  basic  members  of  the  Younger  Greenstones,  and 
probably  correspond  to  the  bleached  greenstones  resulting  from  a 
similar  alteration  of  tlie  quartz-dolerites. 

B. — Intermediate  to  Acid  Intrusives. 
(a)  The  IIornhlende-Quartz  F or phy rites. 

A  wide  band  of  lliese  rocks,  largely  obscured  by  sujierficial  de- 
posits, occupies  tile  low-lying  ground  to  the  west  of  the  town  of 
Kalgoorlie,  but  only  a  small  ])ortion  comes  within  the  limits  of  the 
1()-cliain  map,  of  wliicli  it  occupies  the  south-west  corner.  The  only 
evidence  of  the  occurrejice  of  similar  rocks  in  the  main  jiortion  of  the 
Norlli  Va\(\  is  tlial  aiToivh'd  by  a,  somewliat  sheared  and  car])onaled 
specimen  [  2937  j  oblained  i)y  Mi".  W.  D.  Campl)ell  from  a  deep 
slialt  1(10  Icct  north  of  1  he  west  corner  of  G.M.L.  44r)SE,  Hyman 
North,  where  it  is  evidenlly  intrusive  inlo  Ihe  quartz-dolerile  green- 
slone;  lliis  specimen  was  described  in  detail  by  Mr.  Kar(|uharson  on 
p.       of  bulletin  51. 


39 


Tliese  rocks  vary  considerably  in  appearance  and  composition, 
but  typical  hand  specimens  show  a  dark  greenish  or  brownish  grey 
ground,  with  numerous  white  felspar  phenocrysts  and  occasional 
small  blebs  of  quartz;  hornblende  phenocrysts  are  fairly  common 
in  section,  but  are  seldom  visible  in  the  hand  specimen.  (For  analy- 
sis vide  Table  II.,  No.  15.) 

Similar  rocks  are  well  developed  at  Bulong,  where  outcrops  are 
common.  In  that  locality,  specimens  from  the  one  dyke  show  marked 
variation,  some  closely  resembling  the  next  gToup  of  rocks,  pointing 
to  a  possible  connection  between  the  two.  Unfortunately,  speci- 
mens collected  by  the  writer  from  that  district  have  not  yet  been 
examined  in  detail. 

Payable  ore  deposits  have  not  yet  been  found  in  these  rocks  at 
Kalgoorlie — though  such  occur  in  similar  rocks  at  Ora  Banda — but 
it  is  probable  that  the  gold-bearing  solutions  were  closely  connected 
with  the  parent  magma,  from  which  these  rocks  and  the  albite  por- 
phyrites  were  derived. 

(b)  The  Albite-P or phy rites. 

These  rocks  are  of  commoner  occurrence  at  the  North  End  than 
was  previously  suspected.  Outcrops  are  infrequent  and  close  ex- 
amination is  necessary  to  distinguish  the  weatliered  rock  from 
highly  decomposed  forms  of  the  Greenstones. 

They  are  undoubted  dyke  rocks,  and  are  usually  found  intrud- 
ing the  Younger  Greenstones. 

The  largest  dyke  is  that  already  mentioned  as  occupying  the 
centre  of  the  map,  and  described  in  Bulletin  51  as  running  through 
the  Hyman,  Mystery,  and  Lone  Hand  leases ;  it  widens  greatly  to  the 
south  to  a  maximum  of  about  nine  chains  near  the  Transcontinental 
Railway,  where  it  is  exposed  at  the  western  end  of  the  cutting;  be- 
fore leaving  the  Milanese  G.M.L,  4293e  it  appears  to  split,  one 
branch  running  through  G.M.L.  213 e — the  extent  of  this  branch  is 
not  certain — the  other  through  tlie  Red  White  and  Blue  G.M.L. 
1228e,  Raven's  lode  occurring  on  the  east  side  of  the  dyke,  appar- 
ently a  southerly  continuation  of  the  Mystery  line  of  lode  further 
north.  Another  large  body  of  this  rock,  roughly  oval  in  outline,  is 
found  to  the  east  of  the  ''Kapai"  main  shaft  on  the  Ivy  lease;  speci- 
mens of  this  rock  containing  green,  angular  inclusions  were  obtained 
by  Mr.  W.  D.  Campbell  from  the  lower  levels  of  the  shaft.  Appar- 
ently other  dykes,  too  decomposed  to  be  determined  with  certainty, 
occur  on  the  former  Sir  John  lease  to  the  north.  Another  series 
runs  between  the  Mt.  Charlotte-Reward  Mine  and  Williamstown, 
associated  with  a  number  of  jaspers,  turning  into  graphitic  schists 
at  depth ;  the  largest  dyke  of  this  series  is  found  forming  the  western 
half  of    a    small  hill  at  the  southern  end  of  Williamstown.  The 
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northern  members  of  this  series  are  closely  connected  with  the  fuch- 
site  rock  exposed  in  the  eastern  crosscuts  from  the  "Charlotte"  main 
shaft,  where  the  albite-porphyrite,  somewhat  sheared  and  carbon- 
ated in  places,  is  also  visible.  Other  dykes,  too  small  to  be  shown 
on  the  map,  occur  in  the  Fair  Play  Extended  and  Bonnie  Play  leases, 
and  further  mining  w^ll  probably  disclose  others. 

The  albite-p or phy rites  are  fine-grained,  hard,  gritty  rocks  of  a 
very  pale,  almost  whitish  gTey  colour,  the  more  weathered  rocks 
showing  a  reddish  or  pinkish  tinge;  they  show  a  characteristic 
blocky  jointing  in  the  mass,  and  not  infrequently  contain  small, 
angular,  green,  chloritic  and  sometimes  cliromiferous  inclusions. 
Both  phenocrystal  and  non-phenoerystal  varieties  of  these  rocks 
occur,  the  former  being  more  common;  both  phenocrysts  and 
gToundmass  are  chiefly  albite  felspar;  a  little  quartz  is  sometimes 
present  in  the  groundmass.  A  specimen  from  the  Mystery  shows 
fairly  numerous  hornblende  phenocrysts,  visible  to  the  naked  eye, 
and  resembles  some  of  the  Bulong  homblende-porphyrites.  Rutile 
is  frequently  present  and  tourmaline  is  not  uncommon,  particularly 
between  the  planes  of  sheared  varieties.  Sericitised  and  carbonated 
forms  are  common. 

An  analysis  of  a  fairly  fresh  albite-porphyrite  (Table  II., 
No.  16)  agrees  ffdrly  closely  with  that  of  the  hornblende-porphy- 
rite,  the  chief  diffeveiK-e  being  in  the  large  amount  of  potash  and 
lime  present  in  the  latter.  In  more  altered  forms  of  the  former 
rocks,  a  fair  amount  of  potash  is  present,  evidently  as  sericite,  and 
the  percentage  of  soda  is  less. 

So  far  as  can  be  judged  from  the  somewhat  weathered  examples 
in  this  area,  ore  bodies  arc  sometimes  found  in  these  rocks,  but 
more  commonly  occur  at  their  junction  with  the  Greenstones. 


3.— THE  SEDIMENTS. 

But  few  exposures  of  probable  sedimentary  rocks  are  found 
within  this  area,  and  these  occur  only  at  the  extreme  nortli-east 
ciorndr  of  the  10-chain  map.  They  are  best  shown  at  the  old 
'•IMKpnix"  brick  pits,  north  of  the  Transcontinental  Railway  line, 
where  a  width  of  about  80  feet  of  these  rocks — across  tlieir  strike 
— in  iuhlition  to  their  junction  apparently  with  the  fine-grained 
airi[)hih()lit('s,  is  exposed;  unfortunately,  the  latter  rock  is  too 
wcalhcred  to  pcrinii  of  definite  detei'minat ion. 

These  apparcul  sediineniary  rocks  occur  as  fine-grained, 
greyish  and  reddish,  fairly  soft,  sandy  beds,  striking  about  24 
degrees  west  of  north ;  the  usual  dip  is  to  the  west  at  about  75  deg., 
but  near  their  juuolion  with  the  aniphib"olites,  they  are  contorted 
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and  faulted  (Plate  II.,  and  Fig.  4.)  These  beds  closely  resemble 
the  laminated  slaty  jaspers,  as  they  appear  in  the  oxidised  zone, 

Fig.  4. 


i 


Photo:   F.   \l.   I'V.ldtniann.  Nc<;',  F202. 

Southern  end  of  Phoenix  Brick  Pit,  showing  bedding  of  sedimentary  rocks. 

but  are  softer  on  the  whole,  although  soft  kaolinic  and  sericitie 
varieties  of  the  jaspers  occur  in  the  North  Collier  and  its  immediate 
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vicinity.  It  should  be  mentioned  that  the  jaspers  sometimes  attain 
a  width  of  50  feet.  Similar  beds  to  those  of  the  Phoenix  brick 
pits  are  found  in  Walsh's  quarry,  in  the  Hat  west  of  Kalg'oorlie, 
and  beyond  the  limits  of  the  map;  these  were  regarded  by  Mr. 
Gibson*  as  sheared  and  weathered  forms  of  the  porphyrite.  I 
do  not  consider  that  there  is  sufficient  evidence  for  this  assump- 
tion with  regard  to  the  Walsh's  quarry  rocks,  although  I  am  in- 
clined to  agree  with  Mr.  Gibson  regarding  the  rocks  of  White 
Cliff  Quarry,  about  three  miles  south  of  Boulder;  the  rocks  of  the 
latter  quarry  are,  however,  somewhat  different  in  appearance  and 
do  not  show  the  bedding  of  the  Phcenix  brick  pits  and  Walsh's 
quarry  rocks.  On  the  whole,  I  am  inclined  to  the  view  that  the 
PhoRnix  brick  pit  rocks  are  of  sedimentary  origin,  although  the 
evidence  in  favour  of  this  is  by  no  means  conclusive. 

So  far,  the  sedimentary  rocks  have  not  proved  of  any  econo- 
mic importance. 

4.— THE  SUPERFICIAL  DEPOSITS, 
(a)  The  Laterites. 

Lateritic  deposits  have  been  described  so  frequently  in  other 
reports,  that  no  general  description  need  be  given  here.  Those 
examples  found  within  the  area  under  discussion  are  of  the  highly 
ferruginous  variety,  being  mainly  composed  of  liydrated  iron  oxide 
with  some  bauxite.  Beneath  the  lateritic  cap  is  a  bleached  kaolinic 
rock  with  occasional  veinlets  and  patches  of  ferruginous  matter  and 
resulting  from  the  removal  of  most  of  the  iron  from  the  original 
rock.  For  convenience,  the  term  '^Infralaterite"  is  proposed  for 
this  bleached  rock.  This  infralaterite  is  often  regarded  by  pros- 
pectors as  an  alluvial  deposit,  which  at  first  sight  it  somewhat  re- 
sembles, the  laterite  being  regarded  by  them  as  the  result  of 
thermal  action;  both,  however,  result  from  the  decomposition 
of  the  parent  rock  in  situ.  Jn  the  vicinity  of  lode  formations  or  aurif- 
erous quartz  veins,  the  infralaterite  is  sometimes  found  to  carry  gold 
in  payable  quantities,  the  metal  having  been  dissolved  by  surface 
waters  out  of  the  lodes  or  veins,  to  be  later  ])rcciintated  as  these 
waters  ])ercolated  through  the  decomposed  coiuitry  rock.  Mt. 
Ferniin  is  a  good  ilhistralion  (Fig.  5)  oP  this. 

Within  this  area  laterites  are  most  commonly  found  on 
hills  within  the  ai'ea  occupied  by  the  talc-chlorite-carbonate  rocks, 
also  at  Ihc  jimcl  ions  of  two  or  more  Greenstone  rocks;  they  are 
fairly  common  on  Ihe  tine-gTained  greenstones  and  amphibolites, 
hill  ;uc  not  I'oiind  on  ihc  (inartz-dolorite  greenstones,  except  at 

•  Loc,  cit.,  ],\>.  lO-ll. 
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their  junction  with  other  rocks.  Only  one  occurrence  was  noted  in 
the  quartz-dolerite  amphibolite — on  the  former  Hannan 's  Find 
G.M.L.  4470E. 


(b)  Sand,  Loam,  etc. 

In  this  group  of  superficial  deposits  may  be  briefly  mentioned 
the  gravel — including  the  ironstone  gravel  resulting  from  the 
weathering  of  the  laterites — sand,  loam,  clay  covering  the  lower 
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lying  ground  and  resulting  from  the  action  of  wind,  rain, 
and  changes  of  temperature  on  the  exposed  rock  surfaces.  In 
addition,  mention  should  be  made  of  the  ''cement"  or  travertine 
s<3  well  known  on  these  goldfields,  and  resulting  from  the  action  of 
surface  waters  which  have  dissolved  the  carbonates  of  the  gTeen- 
stone  rocks  to  re-deposit  them  at  the  surface.  It  may  be  mentioned 
til  at  in  districts  where  amphibolites  only  occur,  this  cement  is 
apparently  not  formed. 

5. — Jaspers  and  Graphitic  Schists. 

Jaspers  and  graphitic  schists  are  of  common  occurrence 
at  the  North  End,  the  former  usually  passing  into  the  latter 
below  the  zone  of  oxidation.  These  rocks  are  usually  of 
extreme  length  as  compared  with  their  width,  the  most  persistent 
wit]] in  this  area  having  been  traced  from  a  point  south  of  the 
junction  of  the  Bulong  and  Parkestown  roads,  northwards  through 
the  Lucknow,  Sons  of  Gwalia,  Devon  Consols,  Union  Club,  Ivy 
and  Sir  John  leases,  thence  across  the  Broadarrow  road,  near  the 
n(>rth  corner  of  the  last-named  lease;  and  in  a  general  north- 
westerly direction  beyond  the  limits  of  the  10-chain  map,  a  total 
distance  of  nearly  two  miles.  The  irregular  strike  of  this  jasper 
is  shown  on  the  maps,  and  the  sections  show  it  to  be  equally  irre- 
gular in  dip;  it  attains  its  greatest  width  of,  approximately,  50 
feet  along  the  western  boundary  of  rhe  Lucknow  G.M.L.  4464e,  where 
it  can  be  seen  in  the  mine  v*^orkings  (Fig.  6).  In  the  oxidised 
zone,  it  is  mainly  composed  of  numerous  thin  fine-grained  slaty 
laminae  of  pale  grey  or  brownish  grey  eryptocrystalline  quartz 
[12947] ,  in  which  a  number  of  small  tourmialine  needles  were  observed 
in  section.  In  places  these  slaty  laminae  are  highly  contorted 
(Fig.  7),  and  much  resemble  folded  sedimentary  rocks.  In  the 
eastern  half  of  the  jasper,  coarse  lenses  of  usually  brown  and  more 
ferruginous  compact,  flinty  quartz,  sometimes  two  feet  in  thick- 
ness, and  separated  from  each.'  other  by  slaty  laminae,  are  common 
(Fig.  8).  At  the  limit  of  the  oxidised  zone,  the  jasper  be- 
comes liighly  pyritic  in  places  and  gradually  passes  into  a  black, 
himinated,  iiighly  graphitic  rock,  with  veins  and  nodules,  either 
circular  or  ellii)tical  in  outline,  of  pyiite,  and  consisting  chiefly  of 
quartz,  sericite  and  innumerable  fine  particles  of  carbon. 
Mueli  of  the  gold  from  the  Devon  Consols  Mine  was  obtained  close 
to  llie  western  wall  of  this  jasper,  rich  i)atches  occuri'ing  at  its 
junction  with  coarse,  flat  cross  (\\v,\v\/.  veins. 

Other  very  similar  but  nmcli  slioi-lcr  bands  ol'  .jasi)or  occur, 
for  example,  one  running  soulii  IVdiii  llic  llannaiis  K'eward  North 
lease  to  tlie  Lady  Elizabeth,  where  it  is  exposed  in  woikings  from 
the  old  main  shaft;  it  forms  a  prominent  little  hill  between  the 
two  leases  (Fig.  9 — photo). 
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Another  series  of  short,  thick  lenses,  striking  nearly  N.E.- 
S.W.,  outcrops  on  the  Hidden  Secret  North  and  is  exposed  in  a 
long  crosscut  at  the  71ft.  level  on  that  lease.  Of  these  t^vo  series, 
the  first  certainly,  the  second  most  probably,  becomes  graphitic  at 


Fig.  6. 


GML     4464.^    LUCKNOW  ShaFf  near  W  boundary  Cross  Sechion 

showing  Ja6pe<r  QPe^.wirh  conKorre-d  slahy  laminae  and  le.nse,i  of  Flinfy  cjuarhz 
Qj  shcare-d  zor>e.&  S.m  ble,aohfcd  doleriha.  gree-nsfone/  Ac,  (oxidised  O  Ac,j^ 
oxidise-d  Fuchsit-e -c^irbonal-a. -c^uarrz    rocK  O.MgP  ^ 


depth.  Another  short  lens  of  jasper,  composed  of  finely 
laminated  grey  siliceous  bands  occurs  on  the  Milanese  G.M.L.  4293e; 
since  being  mapped  by  the  writer  its  outcrop  has  been  covered  by 
the  slimes  dump  of  that  mine. 
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Running  through  G.M.Ls.  1623e  and  213e,  on  the  eastern  wall 
of  the  south-west  branch  of  the  main  albite-porphyrite  dyke,  is 
another  jasper;  the  workings  on  this  were  inaccessible. 


Fig.  7. 


G.M  L.  3771'-  -  SONS  OF  GWALIA  Soufh  Shaft-,  99  Ft.  Level,  t.  X  cuC 
.Crbaa     SecPron     e|?o>Ving    conf-or^ad    faminm    of  "Jasper" 
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A  jasper  very  similar  in  appearance  to  that  of  the  Milanese  is 
md  on  G.M.Ls.  4485e,  4368e,  and  4037e;  it  probably  joins  the 

Fig.  8. 
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Westralia  United  main  lode  a  little  north  of  the  main  shaft,  for 
coarse  jasperoid  lenses  occur  associated  with  the  lode  south  of  the 
shaft,  and  graphitic  seams  are  found  west  of  tlie  lode  at  the  bottom 
level  of  the  mine. 


O 

c  'SI 


A  persistent  series  of  jasper  lenses  occurs  betweeu  the  Ilaniuin's 
Reward-Mt.  Charlotte  leases  and  Williamslown,  closely  associated 
with  tlie  previously  iiienl ioiied  band  of  fuchsite-carbonnle-quariz 
rock  and  series  of  all)it(;-porpliyrite  dykes;  wliat  is  apparently  llie 
norlliernniost  lens  of  tliis  series  is  exposed  in  the  workinj^s  from  a 
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shaft  on  the  western  boundary  of  the  Bonnie  Lass  G.M.L.  796e,  but 
it  is  best  seen  in  the  east  crosscuts  from  the  Charlotte"  main  shaft 
at  the  190ft.  and  290ft.  levels  (Plate  III.).  The  section  shown  in 
the  latter  crosscut — from  which  a  number  of  specimens  were  taken 
— is  particularly  interesting,  and  a  description  may  be  given  here. 
As  one  goes  west  from  the  face  of  the  crosscut,  the  fuchsite-car- 
bonate-quartz  rock  [13454]  becomes  greyer  in  colour,  and  has  ap- 
parently been  highly  sheared  and  brecciated,  the  rock  being  com- 
posed of  small  dark  lenses  of  flinty  appearance,  but  largely  com- 
posed of  carbonates  with  some  quartz  and  chlorite,  surrounded  by 
greener,  more  schistose  material  composed  of  the  same  minerals  but 
with  more  quartz  and  less  carbonate ;  f uchsite  is  also  present 
[13455-6].  At  about  90  feet  from  the  face  a  zone  of  grey  carbon- 
ated pyritic  rock  with  cross  quartz  veins  dipping  north  at  about  .30 
degrees  is  met  with.  West  of  this,  the  north  drive  102  feet  from  ihe 
face  of  the  crosscut  is  in  a  band  of  very  pale  grey  schist  composed 
of  carbonates,  sericite,  and  quartz  [13460].  Within  this  is  a  narrow 
irregular  band  of  greyish-black  graphitic  schist  [13459]  composed 
of  quartz,  sericite,  with  chlorite  and  rutile,  and  innumerable  fine 
carbon  particles.  According  to  Mr.  Farquharson,  the  form  of  the 
sericitic  aggregates  suggests  former  felspars  and,  with  the  quartz, 
give  the  rock  a  porphyritic  appearance,  suggesting  that  it  may  repre- 
sent a  highly  sheared  portion  of  the  albite-porphyrite  described 
later.  West  of  the  drive  a  very  hard,  pale  grey,  blocky  and  slightly 
schistose  rock  [13461]  with  some  green  angular  inclusions  is  met 
with ;  this  is  undoubtedly  a  carbonated  and  sericitised  form  of  the 
albite-porphyrite. 

Between  this  and  the  small  south  drive  is  a  completely  crushed, 
grey,  carbonated  rock,  probably  derived  from  a  greenstone. 

Opposite  the  small  drive  is  a  thick  lens  of  white  quartz,  with 
fairly  fresh  albite-porphyrite  on  its  eastern  side,  and  forming  the 
west  wall  of  the  drive  is  a  thin  graphitic  seam,  apparently  marking 
the  junction  between  the  albite-porphyrite  and  a  pale  grey  coarse 
and  highly  schistose  rock  [13464]  witli  numerous  pyrite  cubes  and 
with  irregular  lenses  of  white  quartz  roughly  parallel  to  the  shear 
planes;  this  rock  has  already  been  mentioned  under  the  bleached 
greenstones.  West  of  this  is  a  fairly  fine-grained,  pale  grey  schis- 
tose rock  [13465]  with  numerous  small  greenish  and  a  few  larger 
and  darker  grey  rounded  inclusions.  The  origin  of  this  rock,  whir^h 
is  largely  composed  of  carbonates,  sericite,  chlorite,  and  quartz,  is 
doubtful;  it  may  have  been  either  the  quartz-dolerite  greenstone  or 
the  albite-porphyrite;  a  well-marked  vertical  plane,  probably  a 
fault  line,  and  striking  almost  north  and  south,  forms  the  western 
wall  of  this  last  rock,  and  on  the  western  side  of  the  wall  there  is 
an  abrupt  change  to  a  dense?  hard,  dark-grey,  fine-grained  massive, 
but  jointed  rock  [13466],  undoubtedly  the  quartz-dolerite  greenstone. 
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A  variety  of  the  jaspers  somewhat  different  to  the  foregoing 
examples  is  found  on  the  North  Collier  G.M.L.  4482e  (vide  Bull.  51, 
pp.  48-9,  and  Figs.  25  and  26),  apparently  in  a  small  area  of  fine- 
grained greenstone  surrounded  by  fine-grained  amphibolite.  On 
the  surface  this  jasper  resembles  the  commoner  varieties,  but  at  the 
65ft.  and  lower  levels  it  is  represented  by  a  very  pale  gTey — ^almost 
white — clayey,  finely  laminated,  somewhat  fissile  body,  composed 
mainly  of  kaolin,  sericite,  and  quartz,  with  some  iron  hydrate  and 
possibly  a  little  chlorite,  while  small  crystals  of  tourmaline  are  ex- 
tremely common.  This  rock,  as  seen  underground,  being  so  different 
to  the  hard  siliceous  outcrop,  the  owners  of  the  lease  imagined  it  to 
be  a  different  formation.  The  surface  rock  had  undoubtedly  under- 
gone further  silicification  by  surface  waters  in  a  manner  similar  to 
the  formation  of  laterite  deposits.  Associated  with  the  jasper,  on 
its  western  side,  and  with  a  slightly  different  strike  to  that  of  the 
main  body,  was  a  seam  of  dull  gTeyish-black  material  described  by 
the  owners  as  an  "indicator"  vein,  the  best  values  occurring  at  its 
junction  with  the  main  body.  This  "indicator"  was  composed  chiefly 
of  kaolin  coloured  by  finely  divided  graphite  and  containing  num- 
erous small  crystals  of  tourmaline;  associated  with  the  vein,  on 
fractures  and  between  the  cleavage  planes,  was  much  chloropal 
(Fe,0„  3SiO„  5H,0).  It  is  probable  that  much  of  the  gold  in  the 
shoot  or  "pipe"  on  this  mine  was  deposited  through  the  agency  of 
vadose  waters  coming  in  contact  with  the  "indicator." 

A  somewhat  similar  jasperoid  formation,  apparently  without 
the  silicified  cap,  occurs  near  the  junction  of  the  fine-grained  am- 
phibolites  and  tlie  dolerite  greenstones  south  of  the  Transcontinental 
Railway  line. 

Auriferous  cross  quartz  veins  are  frequently  associated  with 
the  jaspers;  they  seldom  cut  completely  across  the  latter,  but  are 
usually  found  cutting  into  them  a  few  feet,  suggesting  that  these 
veins  are  younger  than  the  jaspers.  Similar  occurrences  were  seen 
by  the  writer  at  Southern  Cross,  where  also  the  occurrence  of  lode 
formations  on  the  footwall  of  the  jaspers  appears  to  confirm  this 
view.  Moreover,  Mr.  E.  de  C.  Clarke,  in  dealing  with  the  relation 
of  the  quartz  reefs  and  the  jaspers  at  Sandstone  and  Hancock's,* 
after  describing  how  the  former  cut  across  tlie  latter,  arrives  at  the 
same  conclusion.  It  must  be  admitted,  however,  that  some  of  the 
minor  graphite  seams  found  cutting  across  the  carbonated  rocks — 
for  example,  in  the  "Charlotte"  shaft  east  crosscuts — have  the  ap- 
pearance of  being  younger  than  the  latter;  nevertheless  it  is  pos- 
sible that  the  carbonation  took  place  at  a  later  date. 


*  G.S.W.A.,  Bulletin  No.  62,  pp.  41,  et  seq. 
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Occurrence.  From  the  foregoing  descriptions,  together  witli 
the  maps,  it  can  be  seen  that  the  graphitic  schists,  represented  in 
the  oxidised  zone  by  the  jaspers,  are  not  confined  to  any  one  rock, 
but  occur  in  this  area : — • 

(a)  In  the  Older  Greenstones. 

(b)  At  the  junction  of  the  Older  and  Younger  Greenstones. 

(c)  In  various  members  of  the  Younger  Greenstone  series. 

(d)  At  the  junction  of  the   Younger   Greenstones   and  the 

albite-porphyrites. 

(e)  In  the  albite-porphyrites. 

In  other  words,  the  solutions  from  whicli  the  graphite  was  deposited 
travelled  along  the  then  available  lines  of  weakness,  whatever  the 
rock.  Moreover,  the  graphitic  schists  were  formed  at  a  period  sub- 
sequent to  the  intrusion  of  the  albite-porphj^rites  and,  on  the  bulk 
of  the  somewhat  meagre  evidence  available,  prior  to  the  formation 
of  the  ore  deposits.    Gibson,  however,  regards  them  as  later.* 

Origin.  An  organic  origin  was  usually  assigned  by  earlier 
writers  to  the  grapliitic  schists— or  "carbonaceous  slates"  as  they 
have  been  termed.  Later  writers,  however,  such  as  Simpson,  Gib- 
son, Larcombe,  M^aclaren,  and  Thomson,  are  agreed  on  the  igneous 
origin  of  the  graphite.  Cirkel,t  after  examining  the  various 
Canadian  deposits,  some  of  which  are  found  in  sedimentary  rocks, 
others  in  igneous  rocks,  came  to  the  conclusion  that  in  some  districts 
the  graphite  ow^ed  its  origin  to  igneous  magmas  from  which,  in  this 
case,  granitic  rocks  had  been  formed,  the  mineral  in  one  instance 
forming  part  of  a  pegmatite  dyke  to  the  same  degree  as  the  quartz 
or  the  felspar,  and,  further,  he  says: — X 

'^The  graphite  may  have  crystallised  later  than  the  felspar,  but  it 
has  certainly  cr^'stallised  before  the  qnartJ',  and  it  was  derived  from  the 
magma  like  these  minerals." 

Other  graphitic  deposits  in  igneous  rocks,  usually  of  an  acid 
character,  are  found  in  New  South  Wales,  Ceylon,  etc.,  so  that  it  is 
evident  that  the  formation  of  graphite  from  the  products  of  an 
igneous  magma  is  by  no  means  uncommon.  Within  this  area  the 
bands  of  graphitic  schist  occur  in  ig-neous  rocks,  and,  moreover,  in 
a  variety  of  those  rocks,  at  a  very  considerable  distance  from  any 
possible  sediments;  and,  in  addition  to  the  main  bands  of  these 
rocks,  tlie  grapliile  sometimes  occurs  in  narrower  seams,  evidently 
original  joints  or  shear  planes;  it  is  evident,  therefore,  that  the 
theory  of  a  sedimentary  origin  is  not  tenable  as  regards  tlie  Kal- 
goorlie  grapliilic  schisls  al  any  rate. 

*    Ijoc.  cit.,  p.  2H. 

t    "  Gruj)hit.o— properties,  deposits,  trcutiiuMii  fiini  usos,"  pp.  87,  et.  seq. 
X    Loc.  rir.p. 
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But  while  it  is  easy  to  prove  an  igneous  origin  for  the  graphite, 
it  is  a  very  different  question  when  we  come  to  the  manner  of  its 
deposition.  That  the  graphite  was  emitted  from  the  magma  in  the 
form  of  some  compound  of  carbon  is  most  probable,  for  it  is  un- 
likely that  the  exceedingly  high  temperature  required  for  its  exist- 
ence in  the  liquid  or  gaseous  form  uncombined  was  ever  attained. 
Simpson,*  discussing  the  occurrence  of  methane  in  graphitic  schist 
in  the  Great  Boulder  Proprietary  mine,  regards  the  latter  as—' 

*' shear  zones  in  the  greenstone  into  which  hydrocarbons  of  vol- 
canic origin  have  penetrated,  depositing  finely  divided  carbon  in  them 
during  slow  combustion.  This  oxidation  may  have  been  at  the  expense 
of  oxygen  in  the  pores  of  the  rock,  or  at  the  expense  of  ferric  conu- 
ponnds  capable  of  reduction  to  a  lower  state  of  oxidation." 

The  formula  for  this  would  be 

C^H,  +  0,  =  C  +  2H,0. 
Larcombe,t  however,  considers  that 

"the  carbon  is  so  closely  associated  with  vein  formation,  which  does 
not  take  place  at  high  temperatures,  whereas'' — he  states—"!  can  so 
far  find  no  literature  to  show  any  reaction  for  the  decomposition  of 
hydrocarbons  — T\-ith  formation  of  graphite — below  500 °C,  the  tempera- 
ture expected  under  the  conditions  of  vein-formation.  It  is  therefore 
more  likely  that  the  methane  is  formed  as  an  after  effect,  for  the 
graphites  were  powerfully  slickensided  after  their  formation,  though 
some  hydrocarbons  may  have  l>een  left  undecomposed. " 

He  further  quotes  Weigert's  formula — ■ 

C  +  2H,0  =  CO,  -[- 

reversed  below  500°  C,  and  concludes  with  the  opinion — 

"that  the  formation  of  carhon  is  due  to  the  . deoxidation  of  carbon 

oxides  that  existed  in  the  vein  solutions  and  along  the  sheared  lines." 

Although  the  graphitic  schists  are  closely  associated  with  highly 
carbonated  rocks,  resulting  from  vein-alteration  on  a  large  scale — 
petrological  examination  and  chemical  analyses  showed  that  no  car- 
bonates were  present  in  specimens  collected  by  the  present  writer.  In 
typical  specimens  these  rocks  are  composed  chiefly  of  crypto- 
crystalline  quartz,  with  disseminated  graphite  dust,  while  the  not 
infrequent  occurrence  of  tourmaline  suggests  that  it  was  formed  at 
the  same  time,  Mr.  Simpson  mentioned  verbally  to  the  writer  speci- 
mens in  which  carbonate  crystals  were  seen,  but  occurring  in  such 
a  manner  as  to  suggest  a  later  origin,  and  it  is  difficult  to  under- 
stand why  solutions  containing  carbonic  acid  should  at  the  same 
time  in  a  few  instances  deposit  graphite,  in  others  form  carbonates, 
apparently  under  similar  conditions.  It  seems  probable  on  the  evi- 
dence of  the  barren  shear  zones  described  later,  that  the  period  of 
carbonation,  in  part  at  any  rate,  was  later  than  that  of  the  forma- 

•  "  Natural  gas  in  the  Boulder  Mines,"  Ci.S.  W.A.,  Bull,  No.       p.  IbO. 
t  "  The  Geology  of  Kalgoorlie,"  Mining  and  Scientific  Press,  Vol,  III.,  No.  7, 
p.  240, 
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tion  of  the  graphite — on  the  assumption  that  the  latter  preceded  the 
period  of  ore  deposition — although  it  is  probable  that  carbonation 
extended  over  a  long  period  of  time,  and  it  appears  that  in  volcanic 
regions  the  emission  of  CO^  belongs  to  the  later  periods  of  gaseous 
activity,*  whereas  that  of  CO  and  CH^  belong  to  an  earlier  period. 
As  we  have  seen,  methane  has  certainly  been  found  associated  witli 
the  grapliitic  schists,  but  whether  conditions  were  such  as  to  permit 
of  the  decomposition  of  hydrocarbons  f  during  the  period  of  the 
formation  of  these  rocks,  there  is  little  evidence  to  show. 

As  regards  the  silica  percentage — while  analyses  of  Kal- 
goorlie  specimens  show  percentages  ranging  from  60  to  84,  tliose 
of  two  from  the  Sandstone  district  are,  roughly,  54  and  57,  while 
at  Southern  Cross  the  percentages  range  from  45  to  78,  the  latter 
being  exceptional.  On  the  average  the  silica  percentage  is  not  much 
higher  than  that  of  the  average  greenstones,  while  that  of  the  rocks 
in  the  vicinity  with  the  exception  of  a  specimen  of  a  carbonate-albite- 
porphyrite  is  lower  than  usual,  so  that  it  is  probable  that  most  of 
the  silica  has  been  derived  from  the  country  rock,  although  some  may 
have  been  introduced  by  the  magmatic  solutions. 

So  far,  then,  as  the  evidence  goes,  it  seems  most  likely  that  at 
some  period  subsequent  to  the  intrusion  of  the  albite-porpliyrites 
and  prior  to  the  period  of  ore  deposition — though  probably  without 
a  break  between  it  and  the  latter — the  graphitic  schists  were  formed 
by  the  invasion  of  highly  sheared  zones  in  the  igneous  rocks  by 
highl}^  active  and  probably  someAvhat  siliceous  solutions  containing 
gaseous  carbon  compounds,  possibly  oxides,  but  more  probably 
hydrocarbons  such  as  methane,  and  that  these  solutions  were  derived 
either  from  the  albite-porphyrite  or  from  the  parent  magma  which 
gave  rise  to  the  latter. 

*  F.  W.  Clarke,  "  The  Data  of  Geological  Chemistry,"  U.S.G.S.,  Bull,  No.  491, 
pp.  275-6. 

t  Mr.  E.  S.  Simpson  has  suggested  to  the  writer  the  deposition  of  the  graphite 
from  the  action  of  acetylene  (C.jH.J  on  the  ferric  compounds  with  the  formation  of 
methane,  free  carbon  and  water. 
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III— THE  ORE  DEPOSITS. 

The  ore  deposits  of  the  North  End  may  be  classified  as  fol- 
lows : — 

,  .      T   J   j;        i-  (  (<*)  Quartzose. 

,     ^  .  S  ^--^^^^  formations     ...  ^  Schistose. 

1.  Primary         ...  <  ^  ^ 

C.B. — Cross  quartz  veins. 

r  A. — Impregnations  in  the  zone  of  oxidation. 

2.  Secondary  ]  ^     ^  ,       ..  ^a)  Eluvial. 

(  B.-Detrital  deposits     . . .  ^    j  Alluvial. 

1.  A. — The  Lode  Formations. 

The  subdivision  of  the  lode  formations  within  this  area  is  no 
easy  matter,  particularly  as  investigations  were,  in  many  instances, 
confined  to  the  oxidised  zone.  'There  is  a  mergence  of  the  different 
types  into  each  other,  and  an}^  one  deposit  differs  in  minor  particu- 
lars from  the  others.  On  the  whole  the  most  important  factors  seem 
to  be  the  original  composition  of  the  country  rock  and  the  degree  of 
alteration  to  which  it  has  been  subjected,  the  latter  depending  partly 
on  the  amount  of  shearing  it  has  undergone,  partly  on  the  strength 
and  quantity  of  the  ore-bearing  solutions. 

The  following  appears  to  be  the  simplest  and  most  natural 
subdivision  :  — 

(a)  Quartzose  lode  formations. 

(b)  Schistose  lode  formations. 

(a)  The  Quartzose  Lode  Formations. 

These  appear  to  be  confined  to  the  quartz-dolerite  greenstones 
or  the  bleached  forms  of  those  rocks.  As  mentioned  by  Gibson,* 
they  differ  from  those  of  the  schistose  type  in  the  greater  amount  of 
replacement  of  the  original  minerals  by  crypto-crystalline  quartz  in 
the  lodes  of  the  former  type,  whereas  those  of  the  latter  type  are 
largely  carbonated  and  their  schistose  character  is  more  apparent — 
this  being  largely  obscured  in  the  quartzose  lodes  by  metasomatic 
replacement.  The  greater  quantity  of  silica  present  in  the  lodes  of 
this  type  is  due,  no  doubt,  not  only  to  the  more  complete  alteration 
of  the  country  rock,  but  also  to  the  greater  quantity  of  silica  pre- 
sent in  the  original  rock — this  type  being,  as  already  stated,  con- 
fined to  the  less  basic  members  of  the  Younger  Greenstones. 

Practically  the  only  example  of  the  quartzose  lodes  within  this 
area  is  the  Golden  Zone  line — one  of  the  most  persistent  lode  chan- 
nels of  the  North  End,  described  in  Bull.  51,  p.  17.  As  stated  in 
that  report — 


*Loc.  cit,  p.  49. 
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' '  the  main  body  of  this  lode  consists  chiefly  of  crypto-crystalline  quartz 
and  is  the  result  of  complete  metasomatism  of  the  country  rock  along 
a  line  of  shearing.  The  lode  passes  insensibly  into  the  country  rock, 
the  latter  having  been  subjected  to  metasomatic  action  for  some  dis- 
tance beyond  the  ore  body. ' ' 

The  country  rock  in  the  vicinity  of  the  ore-body  is  composed 
chiefly  of  carbonates,  quartz,  sericite,  chlorite,  albite,  and  iron  ores. 
It  should  be  mentioned  that  this  lode  is  not  so  typical  an  example 
of  the  quartzose  lodes  as  some  of  those  on  the  Western  side  of  the 
Golden  Mile. 

(b)  The  Schistose  Lode  Formations. 

These  are  found  both  in  the  Older  and  Younger  Greenstones, 
also  at  the  junctions  of  the  rocks  of  the  two  series  and  at  the  junc- 
tions of  the  latter  with  the  albite-porphyrites.  As  these  formations 
in  some  of  the  rock  types  present  features  differing  from  those  in 
other  types,  the  lodes  of  the  different  rocks  will  be  discussed 
seriatim. 

Schistose  Lodes  in  the  fine-grained  Amphibolites.  Only  one  for- 
mation carrying  values  apparently  in  the  fine-grained  amphibolites 
was  seen  by  the  writer,  namely,  on  the  eastern  boundary  of  former 
G.M.L.  449e,  Colleen  Bawn  (Fig.  10).  The  country  rock  was, 
however,  too  decomposed  for  determination  and  may  have  been  the 
corresponding  greenstone,  which  certainlj^  occurs  about  10  chains 
to  the  west.  The  formation  was  particularly  flat  in  dip,  and  prob- 
ably joins  the  northern  portion  of  the  Westralia  United  lode  chan- 
nel at  a  depth  of,  roughly,  something  over  450  feet,  beneath  the 
Kanowna  road.  Values  had  evidently  been  obtained  in  this  forma- 
tion, since  a  little  stoping  had  been  done  at  the  110ft.  level.  As  the 
work  was  not  carried  below  the  oxidised  zone,  no  descri})tion  can  be 
attempted,  but  it  probably  bears  tlie  same  relation  to  the  lodes  of 
the  fine-grained  greenstones  as  the  schistose  formations  of  the 
quartz-dolerite  amphiboltes  bear  to  those  in  tlie  quartz-dolerite 
greenstones. 

Schistose  Lodes  in  the  fine-grained  Greenstones. — 'There  are  a 
fair  number  of  schistose  lodes  in  the  fine-grained  greenstones;  most 
of  these  seem  to  join  a  main  channel — previously  mentioned  in  the 
description  of  these  rocks — running  close  to  the  junction  of  the 
Older  and  Younger  Greenstones. 

Among  the  most  ty|)ical  formations  in  the  fine-grained  green- 
stones may  be  mentioned  the  Isabel  and  Brown  Hill  Junction  lodes 
(Plates  IV.  and  V.).  In  each  case  there  are  two  main  |)arallel  ore 
channels.  In  the  Brown  Hill  Junction  they  api^ear  to  join  at  a 
defjlli  of  about  240  feet  in  the  cross  section  through  the  main  shaft; 
another  parallel  line,  apparently  poorer  in  value,  occurs  about  50 
feet  east  of  the  main  lino  in  this  mine.      The  main  levels  of  the 
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Isabel  were  unfortunately  inaccessible,  so  that  no  description  of  the 
lode  below  the  oxidised  zone  can  be  attempted.  Along  the  Brown 
Hill  Junction  main  line  the  sulphide  zone  was  only  encountered  at 


the  southern  end  of  the  drive  at  the  199ft.  level  in  the  former  Mt. 
Ferrum  Consols — the  lower  levels  in  this  mine  also  being"  under 
water.    The  lode  had  been  largely  stoped  out  at  the  199ft.  level, 
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but  from  the  rock  in  the  vicinity  and  specimens  on  the  dump,  it 
was  probably  composed  of  highly  schistose  matter  consisting  largely 
of  carbonates— probably  chiefly  ferriferous  dolomite — ^with  some 
crypto-crystalline  quartz,  sericite,  probably  some  albite,  and  a 
fair  amount  of  pyrite.  In  some  specimens  from  the  dump 
a  "cockade"  structure  was  shown  by  small  areas  of  crypto- 
crystalline  quartz  surrounded  by  carbonates  and  fine  pyrites — the 
latter  sometimes  displaying  a  pyritohedral  habit.  Some  fragments 
of  white  quartz  veins — probably  cross  veins — surrounded  by  ferri- 
ferous carbonate — some  well  developed  crystals  of  the  latter  occur- 
ring in  the  quartz — and  a  little  coarse  pyrite,  were  also  found; 
tourmaline  needles  were  visible  on  some  of  the  shear  planes. 

In  the  oxidised  zone  a  good  many  seams  of  manganese  oxide 
are  visible;  this  feature  appears  to  be  fairly  characteristic  of  the 
fine-gTained  gTeenstones,  although  analyses  show  but  little  difference 
in  the  percentage  of  MnO  in  these  rocks  and  the  Younger  Green- 
stones. 

As  has  already  been  stated,  the  calc-schists  occur  in  this  area 
only  as  local  modifications  of  the  fine-grained  greenstones  in  the 
vicinity  of  tlie  lodes,  from  which  they  are  distinguished  only  by  the 
greater  degree  of  metasomatic  alteration  in  the  latter.  On  The  Mile, 
where  vein  alteration  has  extended  over  a  wide  area,  they  cover  a 
big  extent  of  country,  and  lode  formations  are  found  apparently 
confined  to  them — as  distinct  from  the  greenstones. 

Schistose  Lodes  at  the  junction  of  the  Older  and  Younger 
Greenstones. — The  boundaries  between  the  two  Greenstone  series 
would  Daturally  form  lines  of  weakness  affected  by  dynamic  action 
subsequent  to  the  intrusion  of  the  Younger  series.  That  this  has 
been  so  in  the  case  of  the  junction  of  the  Younger  Greenstones  and 
the  eastern  belt  of  the  Older  series  can  be  seen  by  a  glance  at  the 
map.  Witliin  the  main  channel,  formed  by  this  junction  line,  are 
the  Westralia  United  lode  and  the  tliin  ]-»ersistent  line  mentioned  as 
I)assing  through  the  Isabel,  Creswick,  and  A.W.A.  United  (Figs.  11 
and  12). 

In  the  case  of  tlie  Westralia  United  lode  (Fig.  12)  the  cross 
section  through  the  main  shaft  on  that  mine  shows  two  lode  lines, 
roughly  parallel  in  dip,  within  the  main  channel;  they  appear  to 
junction  further  north;  the  western  and  main  line  siilits  near  the 
231ft.  level,  and  some  jasperoid  lenses  and  graphitic  seams  are 
associated  with  the  western  branch  at  the  320ft.  level.  Owing 
to  the  altered  state  of  the  rock  it  is  impossible  to  say  definitely 
whollier  the  lode  is  mainly  in  the  quartz-dolerite  gi-eenstone  or  the 
fine-grained  greenstone,  bul  T  am  inclined  lo  lliink  the  laller.  Irre- 
gular ore  shoots  are  connnon  in  Ibis  mine, as  may  be  seen  on  the  longi- 
tudinal section  (Plate  Vl.).    There  were  a  few  lenses  of  flinty  quartz 
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in  these  shoots,  but  in  the  main  the  lode  consists  of  highly  schistose, 
carbonated  rock — probably  more  ehloritic  than  is  usual  with  the 
lodes — with  some  irregularly  distributed  fine  pyrite. 

The  Isabel-A.W.A  United  line  {vide  maps  and  Fig.  11)  is  of 
quite  a  different  character  and  is  more  quartzose  than  usual  with  the 


schistose  formations;  it  really  forms  a  class  by  itself,  but  is  discussed 
here  for  the  sake  of  convenience.  It  is  more  commonly  in  the  quartz- 
dolerite  greenstones  than  in  the  fine-grained  greenstones  at  the  sur- 
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face,  and  appears  to  dip  sharply  to  the  west,  away  from  the  junc- 
tion. In  strike  it  is  more  nearly  north  and  south  than  is  usual  with 
the  lode  formations.     It  is  a  narrow,  usually  well-defined  body, 
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usually  from  two  to  four  feet  in  width — but  occasionally  pinching  to 
a  thin  seam — consisting  of  irregular  veins  of  milky  quartz  with,  in  the 
oxidised  zone,  much  ferruginous  and  manganiferous  matter.  One 
quartz  vein  was  seen  by  the  writer  with  a  width  of  one  foot,  in  one 
instance — in  this  ease  the  quartz  was  seamed  with  numerous  cross 
joints  carrying  manganese  oxide.  These  quartz  veins  were  vughy  in 
places  and  a  fair  amount  of  fuchsite  was  visible  round  them.  At  one 
point  near  its  southern  end,  in  fine-grained  greenstone — in  a  shaft 
on  former  G.M.L.  4450e — this  formation  presents  a  most  peculiar 
appearance,  consisting  of  purplish-grey  matter,  with  a  marked, 
apparent  flow  structure— probably  due  to  brecciation — in  which  there 
were  numerous  creamy  white  augen.  The  darker  material  was  found 
on  examination  to  consist  largely  of  strings  of  tourmaline  grains, 
between  which  were  small  quartz  plates  in  a  minute  mass  of  quartz 
and  kaolinic  matter,  with,  in  places,  some  micaceous  fibres.  A  good 
deal  of  ferruginous  and  probably  manganiferous  matter  and  some 
irregular  white  quartz  on  the  hanging-wall  were  associated  with  this 
breccia.  This  formation  seldom  carries  payable  values  except  at 
its  junction  with  the  numerous  lode  formations  which  run  into  it 
from  the  fine-gTained  greenstones;  such  patches  have  been  found 
in  the  Creswick  and  Isabel,  and,  no  doubt,  further  prospecting  would 
reveal  others. 

Schistose  Lodes  in  Ihe  Quartz-Dolerite  .Amphibolites. — As  men- 
tioned in  the  description  of  those  rocks,  but  few  lode  formations, 
and  those  of  low  grade,  are  found  in  the  quartz-dolerite  amphibol- 
ites. As  shown  in  the  workings  from  the  old  Bohemian  Girl  and 
Lady  Forrest  main  shafts  (Fig,  13)  they  consist  in  the  oxidised 
zone  of  a  few  short  lenses  of  flinty  quartz  in  a  narrow  band  of 
sheared  rock,  in  which  the  metasomatic  alteration  appears  to  be 
slight  and  probably  extends  for  a  very  short  distance  outwards  from 
the  main  shear  lines.  In  general,  in  the  oxidised  zone  these  forma- 
tions resemble  the  barren  shear  zones  of  the  Hannan's  Reward-Mt. 
Charlotte,  more  particularly  as  the  few  cross  quartz  veins  encoun- 
tered have  been  faulted  in  places.  Their  strike,  however,  is  different 
to  that  of  the  barren  shear  zones  but  similar  to  that  of  the  lodes, 
and  it  is  probable  that  they  represent  minor  channels  near  the  west- 
ern margin  of  the  area  affected  by  the  auriferous  solutions.  In  this 
case  the  faulting  of  the  cross  quartz  veins  would  be  due  to  later  dy- 
namic stresses,  such  as  those  which  formed  the  barren  shear  zones, 
causing  further  movement  along  the  lode  channel.  An  unusual 
feature  is  the  marked  easterly  dip.  Whatever  their  origin  they 
are  practically  barren  and  consequently  of  no  economic  importance. 

In  the  case  of  the  formation  in  this  rock  in  G.M.L.  4524e  at 
Mullingar,  the  quartz-dolerite  amphibolite  appears  to  have  been 
altered  by  shearing  along  a  narrow  band  to  a  talcose  schist.  This 
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formation  also  appears  to  be  low  in  value ;  it  seems  to  be  rather  more 
quartzose  than  is  usual  with  the  schistose  formations  and  is  possibly 
of  an  intermediate  type. 
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Schistose  Lodes  in  the  Quartz-Dolerite  Greenstones. — ^Lodes  of 
this  type  are  but  poorly  represented  in  the  quartz-dolerite  green- 
stones, probably  the  only  one  being  that  on  the  north-eastern  slope 
of  Alt.  Gledden,  in  the  Maritana  G.M.  Here,  also,  examination  has 
been  confined  to  the  oxidised  zone.  Fair  values  were  obtained  above 
the  75ft.  level  from  the  main  sluift,  but  how  much  of  this  is  due  to 
secondary  impregnation  is  impossible  to  say.  A  number  of  cross 
quartz  veins  of  the  usual  tyi^e  were  associated  with  this  lode,  which, 
m  the  oxidised  zone,  was  rather  ill-defined.  It  contained  seams  of 
ironstone  and  quartz,  ai)j  arently  with  traces  of  copjier.  A  good 
deal  of  pyrites  appears  to  have  l)een  associated  with  the  formation. 

It  is  iiossi1)le  that  some  of  the  N.X.W.-S.S.E.  striking  she:.ir 
zones  in  the  Hannans  Hill  and  Gassidy's  North  may  be  lode  forma- 
tions of  this  tyi^e,  but  examination  1)el()w  the  zone  of  oxidation  is 
necessary  to  determine  that;  tliey  do  not  ai)iear  to  carry  values 
except  those  due  to  secondary  imjjregnation,  and  are  found  to  fault 
the  cross  quartz  veins  and,  moreover,  are  closely  associated  with  th-i 
N.S.  shear  zones,  so  that,  on  tlie  whole,  I  am  inclined  to  regard 
them  as  belonging  to  that  series  in  spite  of  tlie  fact  that  their  strike 
agrees  with  that  of  tlie  lodes.  Xo  doubt  the  e()mi)ressive  stresses  that 
caused  the  shearing-  along  tlie  N.S.  lines,  also  found  relief  in  the  direc- 
tion of  the  older  lines  of  weakness. 

Schistose  Lodes  in  the  Act inolil e-Zoisite  Amphibolites. — Tlie 
only  formations  seen  in  the  actinolite-zoisite  amphibolites  were  two 
small  parallel  ones  in  the  dolerite  derivatives  in  the  Hidden  Secret 
North.  They  occur  along  the  same  line  of  weakness  as  the  Hidden 
Secret  lodes,  and  at  their  northern  end  join  the  previously  men- 
tioned N".E.-S.W.-striking  jasper.  They  consisted  of  a  few  lenses  of 
flinty  brown  quartz  in  a  comparatively  narrow  sheared  zone,  and 
were  apparently  too  low  in  grade  for  ]irofitable  mining. 

Schistose  Lodes  in  the  Dolerite  Greenstones. — In  this  portion  of 
the  field  these  lodes  are  best  developed  in  the  dolerite  greenstones. 
Both  the  Hidden  Secret  and  the  greater  iiortion  of  the  Fair  Play 
lode  channels  occur  in  tlie'^e  rocks.  In  the  former  mine  there  are 
two  main  lines  of  lode,  which  may  be  termed  the  "Hidden  Secret" 
and  the  "Hidden  Secret  South"  lodes  respectively;  both  are  found 
lo  branch — the  former  at  its  northern  end,  the  latter  at  its  southern. 

The  rich  shoot  of  ore  Avorked  on  this  mine — in  the  Hidden 
Secret  lode — has  been  stoi)ed  out,  and  the  writer  can  give  no  des- 
cription of  the  characteristic  minerals  from  personal  observation. 
Mr.  Simpson,*  howcA  cr,  gives  an  analysis  and  description — in  addi- 
tion to  two  micro-photographs  (plate  15) — of  a  block  of  specimen 
ore  from  this  mine;  he  states  that  it  was  a  dark  green  schistose  rock, 
characterised  by  a  very  low  percentage  of  carbonates  but  unusually 


*  Loc.  cit.  pp.  08  and  71. 
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high  in  pyrite,  usually  well  crystallised  ;  extraordinarily  large  quan- 
tities of  gold,  silver,  and  tellurium  were  also  present;  notable,  also, 
was  the  large  amount  of  chromium  and  vanadium  mica.  Chalco- 
pyrite  and  the  tellurides  hessite  (Ag/re)  and  petzite  (Au,Te, 
I-^Ag^Te)  were  also  present.  Mr.  Simpson  states  that  the  analysis 
"was  made  on  a  single  block  of  specimen  ore  of  about  five  pounds 
weight,  and  the  results  may  not  be  typical  of  the  whole  ore  body.'' 
Other  tellurides  recorded  from  this  mine  are  coloradoite  (Hg  Te), 
tetradymite  (Bi^  Te,)  and  altaite  (Pb  Te).  Although  in  the  speci- 
men quoted  but  little  carbonate  was  present,  the  country  rock  in  the 
vicinity  of  the  lode  is  fairly  highly  carbonated,  and  numerous  veins 
—sometimes  across,  sometimes  with  the  shear-iilanes — and  irregular 
patches  of  carbonates  were  observed  in  the  lode  channel;  a  fair  pro- 
portion of  the  carbonate  is  evidently  calcite,  from  its  strong  effer- 
vescence in  cold  HCl ;  these  carbonates  were  sometimes  associated 
with  milky  quartz.  In  the  altered  country  in  the  vicinity  of  the 
channel  crystals,  probably  of  dolomite,  up  to  one-sixth  of  an  inch 
in  size  were  developed  in  places.  Some  thin  lenses  of  flinty  quartz 
also  occur  in  the  lode.  Fuchsite  was  occasionally  noticed  in  the 
vicinity  of  the  (juartz  and  carbonate  veins.  A  good  deal  of  fine 
pyrite  was  present  in  the  lode  itself,  wliile  in  the  immediate  vicinity 
there  was  a  marked  development  of  large  cubes  of  pyrite — specimens 
of  over  half  an  inch  square  being  obtained  by  the  writer. 

Noticeable  in  the  west  branch  of  the  lode  at  the  89ft.  level  was 
a  series  of  short,  thick  lenses  of  milky  quartz  running  across  but 
within  the  lode  and  dipjnng  to  the  north  (Fig.  14)  ;  these  are  pro- 
bably due  to  the  filling  of  contraction  cracks  within  the  lode  itself, 
and  are  of  a  different  character  to  the  thin  auriferous  cross  quartz 
veins  so  characteristic  of  this  end  of  the  field;  these  latter  also  occur 
on  the  mine.  There  are  a  number  of  minor  sheared  zones,  joints,  and 
so'ne  small  local  faults  in  the  vicinity  of  the  lode  (Fig.  15). 

The  rich  shoot  in  this  mine,  so  far-  as  can  be  judged,  occurred 
at  the  junction  of  the  east  and  west  branches  oi'  the  lode,  but  exactly 
wlia!  shear  i>lanes  controlled  the  distribution  of  the  ore  it  is  now 
impossible  to  sav,  owing  to  the  st()i)ing  of  the  shoot  itself  and  the 
rot'k  in  its  immediate  vicinity.  Its  form  was  nearly  that  of  a  inpe, 
or  more  correctly  tluit  of  a  greatly  eh)ngaled  lens  {vide  Plate  VIT.), 
Willi  the  longest  axis  practically  vertical;  it  extended  from  a  depth 
of  'Ar)  feet  from  the  surface  to  just  above  the  :5()4fl.  level,  where  a 
irjK'c  of  oJie  of  Hie  shear  ])l;ui('s  along  which  the  ricli  t(>lluride  ore 
occurred  can  be  seen. 

Oilier  shoots  of  gooil  ore,  (»f  the  usual  lenticulnr  clinracler,  have 
been  found  on  the  mine,  and  1  can  see  no  irason  why  other  jtayable 
sliof>ts  should  not  be  found.  At  the  4()4ft.  level  th«  lode  junctions 
with  tlio  ruchsile-carbonale-quariz  body. 
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In  the  Fair  Play  the  lenticular  form  of  the  ore  shoots  is  most 
noticeable;  the  shoot=;  pitch  to  the  south,  following  each  other  very 

Fig.  14. 
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closely.  The  distribution  of  the  ore  seems  to  have  been  largely  con- 
trolled by  two  more  or  less  parallel  shear  or  fault  zones,  running 
across  the  lode  with  a  strike  of  about  35°  north  of  west  and  dipping 

Fig.  15. 
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west  of  south  (Fig.  16).  The  more  southerly  and  more  strongly 
marked  of  the  two,  forming  the  hanging  wall  of  the  slioots,  is  com- 
posed of  green,  probably  fuchsitic  and  talcose,  schist,  with  some  green 
quartz  in  places.  Between  the  main  sbaft  and  the  ladder  way  the 
lo^e  splits  going  north  and  the  line  of  junction  of  the  two  branches 
has  probably  had  some  influence  on  the  ore  deposition  as  the  shoots 
occur  close  to  it.    The  lode  itself  is  largely  composed  of  carbonates — 
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mainly  dolomite — with  some  sericite,  quartz,  finely  divided  pyrite, 
and  a  little  chlorite,  while  the  analysis*  shows  a  high  percentage  of 
chromium  and  vanadium.  Veins  of  dolomite,  rimning  both  with 
and  across  the  lode,  are  common,  and  there  are  some  cross  veins  of 
quartz  and  a  few  seams  of  pyrite.  Tellurides,  said  to  have  been 
petzite  and  calaverite,  have  been  found  in  this  mine,  and  some 
blende  was  observed  at  the  162ft.  level. 

Schistose  Lodes  in  the  Talcose  Rocks. — No  lode  formations  were 
observed  by  the  writer  in  the  hornblendites,  and,  with  the  exception 
of  those  at  their  junction  with  the  albite-porphyrites— described  be- 
low— and  a  few  minor  formations,  apparently  unpayable,  none  were 
seen  in  the  talc-chlorite-carbonate  rocks.  Cross  quartz  veins,  chiefly 
associated  with  bands  of  fuchsite-carbonate-quartz  rock — such  as 
Smith's  lode — have,  however,  been  worked  in  them. 

No  lode  formations  have  been  found  in  the  small  area  of  talc- 
raesitite  rock. 

Schistose  Lodes  at  the  Junction  of  the  Greenstones  and.  the 
Albite-porphyrite. — The  best  examples  of  these  are  the  lode  runniiig 
through  the  Hyman,  Mystery,  Little  Wonder,  and  Lone  Hand  leases, 
and  that  in  the  Red  AVhite  and  Blue— the  latter  is  probably  the 
southerly  continuation  of  the  former.  A  detailed  description  of  the 
former  was  given  in  Bulletin  51,  pp.  19  and  20,  q.  v.  As  stated  in 
that  report,  none  of  the  accessible  workings  had  been  carried  below 
the  oxidised  zone,  so  that  no  description  of  the  characteristic 
minerals  1)elow  that  zone  can  be  given.  This  lode  occupied  a  sheared 
zone  at  the  junction  of  the  main  albite-porphyrite  dyke  and  the  talc- 
chlorite-carbonate  rock;  occasional  lenses  of  fuclisite-bearing  quartz 
were  seen,  and  the  lode  is  probably  closely  associated  with  a  band  of 
fuclisite-carbonate-quartz  rock,  which  in  this  case,  would  be  a 
bleached  form  of  the  talc  rock;  there  were  a  number  of  auriferous 
cross  quartz  veins  associated  with  the  lode;  a  good  deal  of  tourmaline 
was  present,  in  flat  veins  in  the  albite-porphyrite,  and  on  shear 
planes  in  the  latter. 


B. — Tttk  Cross  Quartz  Veins. 

Cross  veins  of  quartz  are  of  extremely  common  occurrence  at 
this  end  of  the  field.  Tliougli  found  almost  everywhere  in  the  main 
dyke  of  the  Younger  Greenstones,  they  are  most  particularly  de- 
veloped in  the  'lujii'tz-dolerite  greenstones,  and,  perhaps  to  a  slightly 
less  exlenl,  in  llic  dolerile  greensloues.  Though  |)ersistent  in  length 
and  depth,  they  are  usually  oidy  one  or  two  inches  in  width,  but 
varying  from  a  fraction  of  an  inch  up  to  about  four  inches.  A 
few  in  the  fine-grained  aiMpliil)oliles  north  of  the  Sir  John  and  east 


*  liullot  in  No.  42.    Table  III.,  G.S.M.,  10847*. 
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of  the  Broad  Arrow  Road  were  seen  with  a  width  of  two  feet,  also 
one  south  of  the  Hannans  Find  (Fig-.  17),  but  these  were  exceptional. 
In  some  instances  these  veins  occur  as  vein  systems  rather  than 
simple  veins. 

Fig.  17. 


S.'i'wnn  compo.iTid  rross  quarl3  vi-ins-Q  in  oxjdisi-d  cpidiorjie  (i/iuufj  ex  ;  now  (e^rcsinkd  b>  Ki^Jl•rll^.J 
uioi3ei -K  aud  fei  rugincnis  inallcr  Fe    borne  local  faL:it;jii)  5  lias  a/f«lod  fhu  slniiui-rs 


There  are  two  series  of  these  veins,  the  one  striking  approxi- 
mately E.N.E.-W.S.W.,  with  a  dip  usually  varying  from  00°  to 
the  north  to  verticality,  the  other  striking  more  nearly  E.-W.  and 
dipping  to  the  nortli  at  an  angle,  usually  between  30  and  40  de- 
grees. In  general  appearance  the  veins  of  the  two  series  closely 
resemble  each  other,  being  composed  of  milky-white  quartz,  with  a 
slightly  oily  lustre.  Below  the  oxidised  zone  they  are  "frozen"  on 
to  the  country  rock,  which  is  usually  altered  to  a  bleached,  l  yritic, 
carbonate-quartz  rock — "bleached  greenstone"— for  a  short  distance 
from  the  vein  {vide  Fig.  1)  ;  the  pyrite,  Avhich  is  fairly  coarse,  is 
usually  thickest  close  to  the  veins,  occasionally  occurring  in  them. 
Both  sei-ies  carry  good  values;  there  being  little  to  choose  between 
them  in  this  respect— the  veins  of  the  one  series  being  the  better  in 
one  mine,  those  of  the  otlier  in  another.  The  gold  is  free  and  usually 
coarse.  In  one  specimen  [2772],  collected  by  Mr.  W.  D.  Campbeli 
from  the  500ft.  level  of  the  "Reward"  shaft  on  G.M.L.  97e,  two 
tellurides,  a  pale  and  a  dark  variety,  occur  in  the  quartz;  these  were 
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present  in  too  small  amounts  for  accurate  determination,  but  the 
paler  variety  was  most  jorobably  ealaverite,  the  darker  petzite.  Tel- 
lurides  are  also  said  to  have  occurred  in  a  cross  vein  in  the  Fair  Play 
Extended.  Tliese  are  the  onh^  occurrences  of  tellurides  in  these  veins 
recorded,  and  are  important  as  showing  that  the  fissures  were  most 
probably  filled  at  the  same  time  as  the  sheared  zones  along-  which 
the  lode  formations  Avere  formed.  In  another  vein,  on  the  south- 
east boundary  of  the  Cassid}^  Hill  lease,  a  small  rich  patch  of  gold 
was  associated  with  galena,  coarse  hjematite  pseudomorphs  after 
pyrite  and  coarse  patches  of  a  ferriferous  carbonate — the  occurrence 
of  galena  is  unusual;  the  only  oliier  instance,  so  far  as  the  writer 
knows,  where  this  mineral  has  been  recorded  at  Kalgoorlie,  was  in 
a  specimen  [10956]  from  the  Hidden  Secret  lode.* 

The  steej  er  series  of  cross  veins  is  best  developed  in  G.M.L. 
211k,  where  the  average  dip  is  about  70°.  In  this  lease  the  veins 
are  very  close  together  and  in  the  oxidised  zone,  where  the  inle]- 
vening  country  carries  low  values  due  to  impregnation  by  surface 
solutions,  botli  veins  and  country  have  been  taken  out  together  on  the 
o]  en  cut  system,  over  a  very  large  area.  Further  south,  in  the  lian- 
nans  Hill  G.M.L.  97e  these  veins  are  practically  vertical  or  di}) 
slialitly  to  the  south.  In  the  Bonnie  Lass,  east  of  G.M.L.  211e,  the 
veins  are  nearly  vertical  and  the  occurrence  of  vein  systems  is  com- 
mon (Fig.  IS).  In  the  ("assidy  Hill,  south  of  tlie  Hannan's  Hill, 
tlie  veins  of  this  series  us-.-ally  dip  soutli  at  about  80°. 

The  flatter  series  are  best  developed  in  tlie  Hannan's  Hill  and 
Cassidy  Hill  leases,  where  they  appear  to  carry  better  values  than 
the  vertical  veins;  as  with  the  steeper  series  the  dij)  is  variable 
(i-/V/e  Plate  V 11 L),  bul  as  already  stated,  usually  between  'M)^ 
and  40°.  Two  veins  wliich  appear  to  belong  lo  tliis  system,  but 
differ  somewhat  in  strike,  occur,  one  at  tlie  southern  end  of  the 
Hannan's  Hill,  where  it  has  been  worked  trom  a  shaft  connecting 
with  the  soutlierninost  we4  crosscut— west  of  Browusword  shaft— 
at  llie  80ft.  level;  the  dip  of  this  vein  is  very  shallow  (about  12"), 
and  the  strike  about  :M)°  iu)rth  ol'  west;  the  other  is  in  the  (^issidy 
Hill  lease  at  the  end  of  the  west  crosscut  from  No.  1  shaft  at  the 
S.lfl.  level  {ride  I'lnte  VI IL,  the  "lOdwt."  vein)— the  dij)  of  this 
vein  is  about  4.")°  and  the  strike  about  24°  north  of  west. 

Allhorgh  the  two  series  of  lissuies  in  whicii  these  veins  were 
formed  were  filled  at  the  same  lime,  tiiey  appear  to  liave  originated 
;,1  dilTcicnt  periods.  T\w  sleeper  series  seems  to  have  been  the 
i.;,rli(T.  !)cin-  ap|;arently  f:.ull(Ml  in  places  by  lh(>  Matter.  The  former 
MTies  strikes  at  riglit  angles  and  appears  lo  be  complementary  lo 
Iho  sheared  /ones  of  the  hxle  I  oiiumI  ions.f  IMie  Halter  veins,  on  the 
other  hand,  mosl  prohably  represent  :i  series  of  overtlirusl  faults 
resulting  from  pressure  from  the  north  at  a  later  period  than  the 


♦  Bulletin  No.  i2,p.  03. 
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probable  W.S.W.-E.N.E.  pressure  which  caused  the  shearing  along 
the  lode  channels  and  the  fissures  of  tlie  steeper  veins.  Both  series 
were  probably  filled  after  a  period  of  relaxation,  following  on  the 
period  of  compression,  had  opened  the  fissures  to  some  extent. 


Although  these  veins  have  been  worked  to  such  an  extent  in 
the  oxidised  zone,  comparatively  little  work  has  been  done  on  them 
below  that  zone,  althougli  they  maintain  their  values  at  depth; 
since,  as  already  stated,  being  frozen  on  to  the  country  rock  and, 
where  ch)So  tosjemer.  the  intervening  country  liaving  to  be  taken  o;;t 
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as  well,  much  greater  labour  and  expense  are  entailed  than  in  the 
oxidised  zone. 

In  addition  to  the  veins  of  these  two  series,  others  of  fairly 
similar  character  occur,  sometimes  striking  with  the  country,  some- 
times across  it — the  di])  of  these  varies  considerably — they  may  be 
connected  with  those  of  the  first  series.  In  addition,  mention  should 
be  made  of  the  nearly  horizontal  tourmaline-bearing  veins  associated 
with  the  albite-porphyrites* ;  these  do  not  appear  to  carry  values 
and  probably  represent  contraction  joints  in  the  albite-porphyrite. 

2.— SECONDARY  ORE  DEPOSITS. 

A. — Impkegxations  in  the  zone  of  oxidation. 

These  are  best  developed  in  connection  with  the  cross  quartz 
veins  As  already  mentioned,  where  these  veins  occur  close  together, 
the  intervening  country  often  carries  sufficient  gold  to  be  payable 
when  both  veins  and  country  are  worked  together  on  a  large  scale. 
This  gold  content  is  due  to  circulating  vadose  waters  having  dis- 
solved a  portion  of  the  gold  of  the  cross  veins — usually  in  the  vicinity 
of  a  shear  zone  or  fault  plane  which  would  form  a  channel  for 
these  waters — to  redeposit  it  over  a  wide  area  near  the  surface. 

The  fact  that  in  the  Reward-Mt.  Charlotte  mine  the  leaders 
carry  practically  no  gold  in  the  immediate  vicinity  of  the  N.S. 
shear  zones — which,  in  this  case,  have  formed  the  channels  for  the 
vadose  solutions — confirms  this  view.  Some  idea  of  the  extent  to 
which  this  secondary  impregnation  has  taken  place  may  be  formed 
from  the  size  of  the  open-cuts  in  this  mine  and  the  adjoining 
Cassidy's  Nortli.  In  the  Gordon  G.M.L.  4530e  (Cunard  mine), 
further  north  along  the  same  line  of  country,  both  leaders  and 
country  rock  have  been  stoped  out  to  a  large  extent,  but  in  this 
case  tlie  leaders  do  not  seem  to  liave  been  sufficiently  rich  or 
numerous  to  make  the  undertaking  ))rofitable.  In  the  Devon  Con- 
sols tlie  country  has  also  been  imi)regnaled  to  some  extent  round 
(be  ci'oss  veins  in  the  vicinity  of  tlie  big  jasjier  formation. 

Siinihu*  imi)regnali(>ns  occur  associated  witli  llie  lode  forma- 
lions,  and  in  this  case  the  lodes  fliemsehes  liave  probably  acted  as 
channels  for  the  surface  wnlers.  This  imi)regnati()n  near  the  lodes 
is  pai'licuhnly  noliceablo  in  Ihe  inf I'alatcriie,  foi*  exam})le,  at  Mt. 
[''(•niiin  Pcicv    Ihe  roi'inci'  in  llie  vicinity  of  Ihe  Brown 

1 1  ill  ,1  unci  ion  lodes  Ihe  hillci-  (■U)<o  lo  I  he  IMysiery  hxle:  in  the 
jjillcr  case  ihci-e  wei'e  also  n  nunilxM'  of  auriferous  cross  veins 
I  (T'csenI . 

It  is  probable  I  hat  nnidi  of  t  he  so-called  "alluvial"  gold  within 
Ibis  jirca  has  been  deposited  by  these  vadose  waters. 

♦  Hull. 'till  No.  r,\,  ]..  If). 
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B,    Detrital  Deposits. 

(a)  Ehivial  Deposits. 

These  are  due  to  the  weathering-  in  situ  caused  by  the  action  of 
wind,  rain,  and  changes  of  temperature  at  the  surface.  Such  de- 
posits are  found  in  the  immediate  vicinity  of  outcrops  of  h:>des  and 
quartz  veins. 

(b)  Alluvial  Deposits. 

True  alluvial  deposits,  i.e.,  those  due  to  stream  action,  are  not 
common  within  this  area,  being  confined  to  the  few  narrow  water- 
courses which  run  down  to  the  valleys  on  both  sides  of  the  Intrusive 
Greenstone  dyke,  wdiile.  owing  to  the  gentle  slope  of  tliese  and  the 
fact  that  running  water  is  only  found  in  them  after  heavy  rains, 
the  gold  is  never  very  far  from  its  source.  Even  in  these  water- 
courses some  of  the  gold  may  have  been  deposited  by  wind  action. 

IV.— EVIDENCES  OF  DYNAMK^  ACTION. 

Tlie  compression  and  tension  to  which  the  earth's  crust  has 
been  subjected  from  the  earliest  times  in  the  effort  to  accommodate 
itself  to  the  lessening  surface  area  due  to  contraction,  must  have 
greatly  affected  rocks  of  such  vast  antiquity  as  those  of  the  Kal- 
goorlie  region.  That  the  area  in  which  the  KalgoorHe  auriferous 
belt  is  situated  has  formed  a  general  line  of  weakness  along  which 
these  earth-movements  found  relief  is  evidenced,  not  only  by  the  lodei- 
themselves,  but  also  by  the  number  and  variety  of  sheared  zones, 
faults,  etc.,  which  are  found  within  the  art^a  covered  by  this  report. 
Some  of  the  schistosity  and  jointing  is  probably  due  to  local  agencies 
— for  example,  it  is  probable  that  the  Older  Greenstones  underwent 
some  shearing  during  their  intrusion  by  the  Younger  series. 

The  sheared  zones  of  the  lodes  and  jaspers  (or  graphitic 
schists)  W'Cre  evidently  the  result  of  pressure  in  a  W.S.W.-E.N.E. 
direction.  In  this  area  these  compressive  stresses  seem  to  have 
found  relief  along  four  main  lines  of  shearing  running  in  a  general 
N.N.W.-S.S.E.  direction ;  tliese  lines  are  not  continuous,  being 
broken  for  a  considerable  distance  in  some  instances;  in  addition, 
minor  shear  lines  occur,  sometimes  roughly  ]mrallel  to  the  main 
lines,  sometimes  apparently  representing  cross  fractures  l)et\vee!i 
two  main  lines.  The  general  dip  of  the  main  lines  is  to  the  west 
at  a  steep  angle. 

The  westernmost  line  is  represented  by  the  Golden  Zone  and 
the  westernmost  of  the  Golden  Dream  lodes;  south  of  the  latter 
there  is  apparently  a  big  gap,  south  of  which  this  line  is  occupied 
by  the  series  of  jaspers  and  graphitic  schists  running  between  the 
Reward-Mt.  Charlotte  leases  and  Williamstown.    East  of  this  first 
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line  is  a  second,  occurring  along  the  eastern  edge  of  the  main  albite- 
porphyrite  dyke,  and  now  represented  by  the  Mystery  and  Red 
White  and  Blue  lodes;  south  of  this,  this  line  is  occupied  by  two 
small  barren  lodes  in  the  Hidden  Secret  North,  and  further  south 
by  the  Hidden  Secret  and  Hidden  Secret  South  lodes.  At  this  end 
this  line  is  joined  b}-^  the  third  and  probably  the  longest  and 
strongest  line,  represented  by  the  main  jasper  running  from  beyond 
the  northern  limits  of  the  map  through  the  Sir  John,  Ivy,  Devon 
Consols,  and  other  leases  to  a  point  south  of  the  Bulong  Road. 
Further  south  this  line  is  occupied  by  the  band  of  f  uehsite-carbonate 
quartz  rock  running  through  the  Hidden  Secret  leases.  At  its 
northern  end  the  fourth  line  runs  towards  the  third,  north  of  the 
North  Collier;  south  of  this  lease  it  appears  to  be  broken  for  a 
short  distance  and  is  then  occupied  by  the  Westralia  Ignited  Hue  of 
lode,  running  from  north  of  the  Kanowna  Road  nearly  to  the  Bu- 
long Road;  then  comes  the  roughly  N.-S.  formation  of  the  Isabel, 
Creswick,  and  A.W.A.  United,  with  its  numerous  si)urs.  If  the 
second  and  third  lines  continued  further  to  the  south  they  would 
run  into  the  fourth  south  of  the  A.W.A.  United. 

Those  results  of  dynamic  action,  other  than  the  sheared  zones 
of  the  lodes  and  graphitic  schists,  jnay  be  separated  for  convenience 
into  :— 

(a)  The  barren  N.-S.  shear  zones,  and 

(b)  The  faults. 

(a)  The  Barren  N.-S.  Shear  Zones. 

An  extensive  series  of  these  shear  zones  is  found  running 
through  the  Hannan's  Reward-Mt.  Charlotte  leases,  hi  quartz- 
dolerite  greenstone.  In  strike  they  are  practically  N.-S.,  and  the 
usual  dip  is  to  the  west  at  a  steep  angle.  In  the  above-mentioned 
mine  there  are  two  main  lines,  about  200  feet  apart,  the  western- 
most of  which  may,  for  convenience,  be  termed  the  'H^liarlotte  shear 
zone";  the  easternmost,  the  "Reward  shear  zone.''  A  number  of 
subsidiary  lines  of  shearing  and  faulting  run  between  them,  some- 
times roughly  parallel,  sometimes  running  diagonally  from  one  to 
the  other  (vide  majjs  and  Plate  IX.). 

The  Chai'Ioltc  she;u'  /one  \nries  in  (li|)  IVom  (iO  lo  (SO  degree^, 
but  usually  dijis  at  aboiil  70  degi-ces.  The  K'ewnrd  shear  /one  is 
steeper,  l)eing  vertical  al  (he  lower  IcncIs,  bul  (lip|iing  to  the  wc^st 
at  a))()ut  70  degrees,  or  a  ti-i(le  more,  near  the  surface.  I\unning 
into  the  latter  neai-  the  soutliern  end  of  (J.M.L.  07k  are  two  jiarallel 
shear-  /ones,  about  I'JO  led  apart,  striking  about  N.\V. -S.lv  and 
dij)ping  soutli-west  at  from  50  to  (50  degrees;  whethei-  these  resulted 
from  the  same  stresses  as  the  N.-S.  sheai-  /ones,  or  ai-e  ohh'i-  fornm- 
tions  which  were  further  sheared  at  the  period  when  th(^  lattei-  were 
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formed,  it  is  impossible  to  say  owing  to  the  inaccessibility  of  the 
deeper  levels  of  the  mine,  but  I  am  inclined  to  the  former  view.  In 
the  Cassidy  Hill  mine,  in  the  angle  between  N.-S.  and  the  N.W.- 
S.E.  shear  zones,  the  country  is  much  shattered  and  jointed,  ana 
there  are  a  number  of  small  N.-S.  fault  planes  (Plate  VIII.).  An- 
other well  defined  X.-8.  sliear  zone  occurs  in  the  Lord  Nelson  G.M.L. 
-i477E;  this  dips  west  at  about  75  degrees  in  the  u])per  levels,  but  is 
practically  vertical  between  the  191ft.  and  the  290ft.  levels. 

In  the  oxidised  zone  these  shear  zones  greatly  resemble  the 
schistose  lode  formations  in  general  appearance,  but  the  N.-S.  strike 
and  the  fact  that  they  fault  the  cross  quartz  veins  serve  to  identify 
them.  Below  this  zone,  examination  shows  an  absence  of  the  marked 
metasomatism  characteristic  of  the  true  lode-formations,  the  shear 
zones  being  represented  by  a  band  of  schistose  and  sometimes  brec- 
ciated  rock,  associated  with  a  few  wdiite  carbonate  veins  (Fig.  19). 

Fig.  19. 


LORD  NELSON  G.ML.  4477^  -^-»  Mam  Shafr,  1-91  FJ-  Lex/a-l 
Face,  of  N,  Driva-  showmc^  Shear-  Zone,  in  -c^uar-l-z  -  d  ol r  i  fa 
aiTiphiboliK«!,    A,   w'li-h     br-fccclaKt,d     ?-oriK,     B,   plan«,&    oF  ahearing 


The  evidence  as  to  the  relative  movement  of  the  rocks  along 
these  shear  zones  is  unsatisfactory.    As  seen  in  plan  (Figs.  20-25) 
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I  he  cross  veins  liave  l)eeii  Un'own  lo  I  lie  norlli.  .uoinii'  west  ;  if 
(lie  in()\emen(  was  vertieal,  then  (lie  downllirow  was  on  the  easleni 
side.  One  instance;  of  nioN'enient  in  (lie  coiU  lai'v  dii  ('(■(  ion  was  seen 
in  (lie  north  di-i\'e  on  (he  <ii'a|)lii(  ic  s('liis(  a(  (he  'Ji)Or(.  lexcl  IVoin 
(he  ('liarlolle  shall  {  ) ,  wheie  a  (jiiaii/  Nciii  wa>  apparendy 

(Ill-own  (o  (he  noi'di  lioin.t^  eas(-  (his  look-;  like  local  hlock  I'anlt- 
in^^-.  Slria3  were  visihie  on  tiie  shear  planes  only  in  a  Few  instances; 
some  a|)peared  to  |)i(ch  diaiionally  (o  (he  nordi,  others  were  hori- 
zontal; as  there  may  ha\c  been  s'ihse(iuent  local  movements  (his 
•vidence  is  unsatisfactory. 
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Fig.  21. 


G.M.lw.      2  1  IB, 

ST"  DRIVE    OFF  MAtN  E. CROSSCUT    95  FT  LEVEL 


SkeTch  Plan  sriowinq -fiultinq  of  cross  quarTTvein-Q(«*i'Cfi  cuts  planes  of -it- 
scfiiatosiT^^  by  planes  of  N-S  shear  zone  —IS  at  junction  of  quarr3-dQj£rite  =r 
qneenstone  ('ar«fere</yf  OAc  and  probable  a  I  bitc-ponphynte  ('a»^/</,'j¥>c{;  OaP 
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Fig.  23. 
G.  M  L.  2  11  E. 

&5  FTLEVEL,MAIN  S  DRIV^ 
"CHARUOTTE  SHAFT." 


S  SCALE      OF     FEET  fSI 


Section  looking  W.  showing  cross  quartj  veins -O  turning  aJong'hcad"  H 
but  cut  by  feuH-  5 . 


Fig.  24. 
G.M.L. 

BOFTLEVEU,  N.  DRIVE  . 

"REWARD  SHAFTr 
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Section  lool<in()  W.  showing  cv. 

I  -w  (ojili  plane. 

illiriiat  f«ult.ng  of  crooa  quarf3  vein  Q  ky 
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G.M.  L.    97  E 

SMALL    OPEN    CUT  I70  FT  S   E.  Of"rEWARD  SHAFT" 


Sketch  section  looking  N  W.  showing  faulting  of  flat  cross  quart3  veins  -Q  by  vertical  fau/tpbnesf 
also  vertical  series  of  quart^  lenses  q. 


It  is  highly  probable  that  the  compressive  stresses  which  caused 
the  X.-S.  shear  zones  caused  further  shearing  along'  the  lode  channels, 
with  faulting  of  the  adjacent  cross  veins,  such  as  can  be  seen  in  the 
Hidden  Secret  and  other  mines. 

(b)  Faults. 

The  most  important  series  of  faults  within  this  area  is  one  strik- 
ing S.S.AY.-N.N.E.  and  best  represented  in  the  Golden  Zone  gTou[) 
of  leases.*  The  faults  of  this  series  are  either  vertical  or  dip  steeply 
to  the  north,  and  throw  the  lodes  to  the  E.N.E.  going  north;  the  hori- 
zontal component  of  the  movement  is  greatest  at  the  surface,  where 
it  varies  usually  from  65  to  120  feet,  but  being  only  five  feet  m  the 
case  of  a  small  subsidiary  fault  near  one  of  the  main  ones.  The 
movement  in  most  instances  aji pears  to  die  out  at  a  depth  varying 
probably  between  'M)0  and  700  feet  from  the  surface. 

The  fault  in  the  Mystery  mine  affecting  both  the  lode  and  the 
albite-iiorpliyrite  dyke  belongs  to  this  series,  which  appears  to 
have  resulted  from  ])ressure  from  a  S.S.W.  direction. 

Examples  of  another  series  of  faults  striking  nearly  E.-W.  and 
dipping  south  at  about  30°  were  seen  by  the  writer  in  G.M.L.  97r:, 
where  they  fault  the  cross  veins  (Fig.  24),  in  llie  Gassidy  Hill 
lease — where  tlie  movement,  in  one  instance,  ajiiieared  to  be  to  the 
east,  going  north— and  in  the  former  Eaglehawk   Tnited  G.M.L. 


*  Bulletin  No.  51,  pp.  23-4  ana  Plate  III. 
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3770E.  These  appear  to  be  overthrust  faults  resulting  from  pres- 
sure from  the  south. 

A  fault  with  similar  strike,  but  Avith  generally  vertical  dip  occurs 
in  the  Mt.  Ferrum  Consols  G.M.L.  4230e,  where  it  throAvs  the  lodes 
to  the  west,  going  north  (Plate  X.)  ;  at  the  199ft.  level  and  on  the 
eastern  side  of  the  drive,  this  fault  had  a  southerly  dip  of  about  65''. 

In  the  Fair  Play  mine,  at  the  107ft.  level  {vide  Fig.  16),  two 
fault  ])lanes  about  four  feet  apart,  striking  N.N. W.-S.S.E.  and  dip- 
ping E.N.E.  at  about  65°,  throw  the  lode  about  4  feet  to  the  west, 
going  north;  other  similar  faults  apparently  occur  on  this  mine. 

Other  minor  faults,  possibly  due  to  local  movements,  were  seen 
in  G.M.L.  4499e,  Williamstown,  where  a  N.-S.  fault  dipping  at 
from  45°  to  60°  to  the  east  faults  a  quartz  vein  about  6  inches  to 
the  north  going  east. 

In  the  Creswick  mine,  in  the  fine-grained  greenstone  at  its  junc- 
tion with  the  quartz-dolerite  greenstone,  some  small  faults  were 
observed  striking  about  N.W.-S.E.  and  dipjung  N.E. 

v.— THE  PROCESSES  OF  ALTERATION. 

In  a  report  of  this  nature  a  detailed  discussion  of  the  various 
processes  by  which  alteration  of  the  original  rocks  has  been  effected 
is  impossible.  A  brief  account,  however,  may  be  given  of  the  main 
types  or  degrees  of  alteration  which  may  be  classified  as  follows 
into  those  involved  in  the  formation  of — 

(a)  The  amphibolitcs. 

(b)  The  greenstones. 

(c)  The  bleached  greenstones. 

(d)  The  lode  formations. 

(e)  The  grajihitic  schists. 

(a)  In  the  main,  dynamic  action  in  tlie  form  of  intense  pressure 
is  the  agent  most  cliiefly  concerned  in  the  formation  of  the  ami)hibo- 
lites,  resulting  in  the  I'oniiat ion  of  uralitic  ]u)rnblende  and  saussurite 
(epidole,  zoisite,  etc.)  at  tlie  expense  of  the  pyroxenes  and  plagio- 
dase  felspars  of  the  original  rocks.  A  certain  amount  of  contact 
action,  however,  was  ai)i)arently  the  cause  of  certain  features  such 
as  the  s))her()idal  struct iiie  in  some  of  the  fine-grained  ami)hil)olites 
and  gi'censloiu'S  in  the  xicinity  of  tlie  Younger  Oreenstoiu^s. 

(b)  The  processes  involved  in  tlic  formation  of  the  greenstones 
are  somewhat  obscure,  l)ut  it  is  probable  tliat  it  is  mainly  incipient 
vein-alleration  resulting  I'rom  I  lie  widespread  action  of  the  highly 
carbonatcil,  potash-bearing  solutions  to  wliich  tlie  formation  ()f  the 
lodes  is  <lii(^.  \Vli(>tlier  this  alteration  was  elTected  on  the  original 
rocks  or  on  the  ani).liil)olites  is  dithcull  (d'  pi-ool",  but  owing  to  the 
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long'-coiitiimed  pressure  to  which  the  rocks  of  this  particuhir 
locality  must  have  been  subjected  prior  to  the  introduction  of  the 
auriferous  solutions,  I  am  inclined  to  think  that  uralitisation  of  the 
greater  portion  of  these  rocks,  at  atiy  rate,  must  have  preceded  the 
carbon  ation. 

Thomson,*  discussing  the  lelationship  of  the  "porphyries" 
(albite-porphyrites)  and  porphyrites  to  the  quartz-dolerite  series, 
lays  stress  on  the  importance  of  the  part  played  by  albitisation  in 
the  formation  of  the  greenstones,  and  considers  thatf 

* '  Albitization  and  the  coiicoiiiitant  processes  that  gave  rise  to  the 
greenstones  constitutes  the  incipient  veiu-aitei  ation,  extreme  carbona- 
tion  and  sericitisation  with  minor  silification,  the  final  vein-alteration." 

On  this  point  the  evidence  at¥orded  by  analyses  is  contradictory. 
Analyses  of  some  of  the  greenstones  show  an  even  smaller  percentage 
of  soda  than  do  those  of  the  amphibolites,  although  their  potash 
content  is  slightly  higher;  others,  however,  show  an  increased  soda 
percentage  up  to  as  much  as  double  that  of  the  amphibolites — these 
last  greenstones  are  in  fairly  close  proximity  to  an  albite-porphy- 
rite  dyke — the  latter  is  carbonated  in  places  and  the  carbonated 
variety  shows  a  marked  decrease  in  soda  (Table  I.,  No.  3),  which 
may  account  for  the  increase  in  some  of  the  greenstones,  A  com- 
plete examination  of  the  Golden  Mile  is  necessary  before  the  ques- 
tion of  albitisation  can  be  finally  settled.  It  certainly  looks  as 
though  a  certain  amount  had  taken  place  in  the  vicinity  of  and 
resulting  from  the  albite-poridiyrite  intrusions;  on  the  other  hand, 
saussuritisation,  with  the  production  of  secondary  albiie,  is  charac- 
teristic of  the  amphibolites,  and  most  of  the  albite  in  the  North  End 
greenstones  at  any  rate  is  probably  the-  result  of  this.  Thomson 
states!  that  the  rocks  from  which  the  greenstones  were  derived 
were,  on  the  whole,  more  siliceous  than  those  now  represented  by 
the  amphibolites.  Whatever  is  the  case  on  The  Mile,  analyses  show 
that  this  is  not  so  at  the  North  End. 

(c)  The  bleaching  of  some  of  the  greenstones  marks  a  further 
stage  in  the  ])rocess  of  vein-alteration,  marked  as  a  rule  by  a 
slightly  increased  percentage  of  CO.,  and  a  considerable  increase  of 
potash  and  sulphur  with  the  resultant  formation  of  sericite  and 
])yrite  at  the  expense  of  the  former  ferro-magnesians,  and  jjossibly 
the  replacement  of  some  of  the  leueoxene  by  pyrite;  a  fair  percent- 
age of  boron  is  also  present  at  times. 

(d)  The  lode  formations  represent  the  final  degree  of  altera- 
tion witli,  in  the  ease  of  the  (juartzose  lodes,  marked  increase  of 
silica  in  the  central  i)ortion  of  the  lode;  in  the  case  of  the  Fair 
Play  and  Hidden  Secret  shoots,  the  reverse  seems  to  have  taken 
place.    Most,  if  not  all,  of  the  increased  silica  in  the  quartzose 


♦  Loe.  cit.,  p.  663,  et  seq. 
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lodes  is  probably  due  to  concentration  of  secondary  silica  resulting 
from  the  alteration  of  the  ferro-magiiesians.  In  the  case  of  the 
exceptions  mentioned  above,  much  of  the  secondary  silica  has  prob- 
ably been  concentrated  in  the  cross  quartz  veins.  The  most  im- 
portant feature  of  this  final  stage  of  alteration  was,  of  course,  the 
increased  amount  of  gold,  silver,  and  tellurium. 

(e)  'The  clianges  involved  in  the  formation  of  the  graphitic 
schists  have  already  been  discussed,  and  need  not  be  further  de- 
scribed. 

VL    THE  RELATIVE  AGE  AND  RELATIONSHIP  OF 
THE  ROCKS. 

(a)  The  Older  and  Younger  Greenstones. 

Putting  aside  for  the  present  the  discussion  of  a  possible  mag- 
matic  relationship  between  the  rocks  of  these  two  series,  we  will 
consider  the  question  of  their  relative  age.  On  this  point  the  evi- 
dence afforded  by  this  area  is  very  meagre,  the  exposures  of  ap- 
parent junctions  between  the  rocks  of  the  tAvo  series  being,  as 
already  stated,  exceedingly  few  and  confined  to  the  zone  of  oxida- 
tion. Thomson's  remarks  as  to  the  possibility  of  the  fine-grained 
series  being  regarded  as  chilled  margins  of  the  coarser  grained 
series  have  been  quoted  on  a  jirevious  page,  and  the  evidence 
afforded  by  the  maps  as  to  the  extent  of  the  former  series  confirms 
his  views.  Moreover,  the  apparent  contact  metamorphism  of  some 
of  the  fine-grained  amphibolites  near  their  junction  with  the  in- 
trusive series,  and  the  occurrence  of  quartz-dolerite  amphibolite  on 
the  dump  of  tlie  water-shaft  on  M.L.  105e,  well  inside  the  main 
mass  of  file  fine-grained  greenstones — in  all  probability  a  dyke  in- 
trusive into  the  latter — point  to  the  fact  that  the  original  quartz- 
dolerite  and  allied  rocks  were  later  tlian,  and  intrusive  into,  the 
lavas  from  which  the  fine-grained  series  were  derived. 

(b)  'I  lie  Members  of  the  Younger  (rreenslone  Series. 

The  evidence  on  this  (juestion  is  by  no  means  as  c()m})lete  as 
could  be  desii-ed,  but  what  tliei'e  is  api)ears  to  hv  in  favour  of  the 
\i('W  thai  the  inemlx'i-s  of  this  sei'ies  were  intruded  rntliei"  as  oiu' 
dyke  in  which  dilTei-enl ialion  had  taken  |)la('e  prioi"  to  its  intiusion 
and  solidification,  than  as  a  series  of  dykes,  of  dilTei-enl  ('oiu|)osil ion, 
(leri\<'d  from  tlie  same  magma  but  with  an  interval  of  time  between 
("jicli.  In  general,  the  rocks  of  the  various  groups  a|)pear  to  nuM-ge 
inio  each  other  diiccl  field  e\i(lence  on  Ihis  poini  being  affordeil 
by  some  of  the  mine  workings;  moreo\ cr,  microscopic  exaniinafion 
f:oints  to  the  presence  of  intermediate  vjirielies,  although,  the  rocks 
l)ei!ig  somewhat  allered,  this  evidence  is  not  conclusive;  in  no  in- 
stances were  the  rocks  of  any  one  tyi)e  seen  lo  occur  as  dykes  in 
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those  of  another  type.  At  other  mining  centres  as,  for  instance, 
Bulong,  gabbros — and  amphibolites  derived  therefrom — are  found 
to  be  intimately  associated  with  serpentines  which  the  determina- 
tion of  typical  specimens  shows  to  have  been  derived  from  augite- 
peridotites;  the  two  rocks  can  frequently  be  seen  on  the  one  hill 
apparently  merging  into  each  other,  and  in  no  instance  did  either 
rock  appear  to  occur  as  a  dyke  in  the  other,  Avhereas  dykes  of  horn- 
blende-porphyrite  were  frequently  seen  intruding  both.  Unfor- 
tunately it  has  not  yet  been  possible  to  microscopically  examine  a 
number  of  rocks  collected  from  this  locality  by  the  writer,  which 
might  throw  a  good  deal  of  light  on  this  matter.  On  the  whole,  the 
evidence  cannot  be  regarded  as  conclusive,  although  what  there  is  is 
distinctly  in  favour  of  the  intrusion  of  the  Younger  Greenstones  as 
one  dyke. 

(c)  The  Younger  Greenstones  and  the  P or phy rites. 

With  the  exception  of  the  previously  mentioned  specimen  of 
hornblende-porphyrite  collected  by  Mr.  Cam]3bell  from  a  shaft 
north  of  the  Hyman  North,  and  evidently  from  a  dyke  in  the  quartz- 
dolerite  greenstones,  no  evidence  is  afforded  by  the  North  End  as 
to  the  relative  age  of  the  hornblende-quartz-porphyrites  and  the 
Younger  (rreenslones.  At  Bulomi',  however,  hornblende-quartz- 
porphyrites  exactly  similar  to  those  of  Kalgoorlie  are  found  as 
dykes  in  the  gabbi-os,  amphibolites,  and  serpentines  corresuoiidin'^ 
to  the  Younger  Greenstones  of  Kalgoorlie,  and  there  is  no  reason 
to  suppose  that  the  corresponding  rocks  of  the  two  localities  are  of 
a  different  age.  There  seems,  then,  to  be  little  doubt  that  the  horn- 
blende-porphyrites  are  later  than  the  Younger  Greenstones. 

As  regards  the  albite-porphyrites,  the  evidence  is  conclusive, 
for  I  hey  liave,  in  sex  eral  instances,  been  seen  in  situ  as  dykes  in 
the  Younger  (Ireenstones. 

(d)  The    II ornhlende-Quartz-Porphyrites    and    the  Albite-Por- 
phyrites. 

The  relationshi})  between  these  rocks  has  already  been  con- 
sidered to  some  extent.  Here,  also,  the  evidence  is  inconclusive, 
but  the  resemblance  of  many  local  varieties  of  the  hornblende-i)or- 
])iiyrites  at  Bulong  to  the  albite-por])liyrites,  and  the  occurrence  in 
the  jVIystery  and  Hyman  leases,  at  the  North  End,  of  varieties  of 
the  albite-porphyrites  with  well  developed  hornblende  phenocrysts, 
point  to  a  close  relationship  between  the  two  rocks,  and  it  seems 
highly  probable  that  the  albite-porphyrites  are  apophyses  from  the 
main  body  of  jjorphyrite  occurring  to  the  west  of  the  Kalgoorlie 
townsite. 
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(e)  The  possible  2Iagmatic   Relationship   hctiveen   the  various 
Igneous  Rocks  of  the  Xorth  End. 

As  we  have  seen,  on  the  balance  of  evidence  it  would  appear 
that  the  Younger  Greenstones  were  later  than,  and  intrusive  into, 
the  Older  series;  also,  that  the  porphyrites  were  intrusive  into  the 
former  series.  There  remains  the  question  of  their  possible  deriva- 
tion from  the  same  magma.  An}^  discussion  on  this  point  must 
necessarily  be  largely  speculative. 

Dr.  Thomson*  has  suggested  the  possible  magmatie  relation- 
ship of  the  igneous  rocks  of  Kalgoorlie  as  members  of  a  spilitic 
suite,  and  compares  analyses  of  the  quartz-dolerite  amphibolite  and 
the  albite-porphyrite  with  those  of  similarly  associated  rocks  of 
Great  Britain,  On  the  other  hand,  later  analyses  of  Kalgoorlie  am- 
phibolites,  including  those  of  the  North  End,  show,  on  the  average, 
a  much  lower  percentage  of  soda  than  is  shown  in  the  analysis 
quoted  by  Thomson,  so  that,  in  the  absence  of  further  evidence  to 
the  contrary,  the  main  group  of  these  rocks  cannot  be  considered 
as  other  than  derivatives  of  normal  quartz-dolerites. 

As  regards  the  fine-grained  series,  the  only  analysis  made  of  a 
fine-grained  amphibolite  shows  a  comparatively  high  soda  percent- 
age, but  the  potash  also  is  exceptionally  high,  and  in  the  two  an- 
alyses of  undoubted  fine-grained  greenstones  the  soda  is  certainly 
not  above  the  normal  for  basaltic  rocks. 

But,  on  the  other  hand,  although  there  is  little  evidence  for  the 
inclusion  of  these  two  series  in  a  spilite  suite,  tlie  analyses  of  the 
fine-grained  rocks  show  a  marked  similarity  to  those  of  the  less  basic 
members  of  the  Younger  Greenstones  and  suggest  the  possibility  of 
a  close  ]-elationshi]:)  between  them,  although  for  the  present  this 
cannot  be  considered  as  anything  more  than  probable. 

With  regard  to  the  jiorpliy rites,  their  frequent  association  with 
gabbros  or  dolerites  and  their  derivatives,  as  well  as  seri)entines,  in 
other  mining  centres,  certainly  suggests  that  the  former  may  be  a 
later  ditTercnt iatiou  from  the  same  magma.  The  fact  that  the 
Ora  linnda  porpliyrite  approaches  so  nearly  to  tlie  gi-eenstones  in 
comjiositionj  certainly  seems  to  favour  this  view.  Harker,t 
desf-ribin!.':  the  '{'crtiary  igneous  rocks  of  Sl<y(\  ^vhich  he  regards  as 
"|)ro])al)lo  ])ro(liU'ts  of  '  dilVorontiatioir  from  one  coinnion  stocl<,  viz.: 
a  largo  l)0(ly  of  fluid  rock-iiiagma  initially  of  uintorin  coini»ositioii  and 
occupying  an  i  iitorcrnstal  reservoir  at  soino  unknown  but  very  consider- 
ablo  dlHtanco  beiieiith  tlic  surface. 
siiows  that  — 

"igneous  activity  liiis  nijinifcstcd  its(df  successively  \uu\or  throe  dif- 
fcront  pliases,  the  Volcanic,  the  IMutonic,  ami  tlie  'Dyke  IMuise'  or.  .  .  . 
'tlifl  I'liaso  of  iMinor  Fntrusions. '  " 

*  Loc.  cit  ,  V]K  <>(>;?,  et  seq. 

t  "Tlic  Minin^r  GooloRy  of  Orii  TiiiiKlii,"  O.S.W.  A.  Bnllntiu  No.  54 

t  "  Tlio  Teriiiiry  Ijfiieous  llockn  of  Skyo,"  Mom.  Gool.  S\irv.,  Great  Britain,  1904. 

!  U».  0it.,  \>.4\fi. 
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If  the  derivation  of  the  Kalgoorlie  rocks  from  one  parent  magma 
be  assumed,  the  order  of  emission  shows  a  fairl}-  strong  similarity 
to  the  above  phases  of  igneous  activity,  for  we  have  first  the  volcanic 
lavas — the  presence  of  tuffs  has  not  been  satisfactorily  proved — 
from  which  the  Older  Greenstones  were  deri^ed;  secondl}^  the  dol- 
erites,  gabbros  and  more  basic  members  of  the  Younger  Green- 
stones, which  on  the  whole  may  be  considered  plutonic  in  character, 
although  in  Kalgoorlie  itself  remains  of  a  former  doleritic  struc- 
ture are  more  common  than  those  of  a  former  gabbroid;  thi'dly, 
there  are  the  poiphyrites,  which  do  not  agTee  so  closely  wiili 
Harker's  third  i^hase,  excepting  in  the  case  of  the  albite-porphy- 
rites — and  some  hornblende-cjuartz-porphyrites  at  Bulong— but 
are  rather  intermediate  between  the  second  and  third  phases.  In 
addition  Harker  emphasises  the  fact  that — 

''the  distinct  foci  at  which  activity  was  from  time  to  time  localised 
were  also  the  principal  centres  of  magmalic  differentiation."* 

In  this  connection  the  association  of  gabbros  or  dolerites,  perido- 
tites — or  their  derivatives — and  porphyrites  at  Bulong,  Ora  Banda, 
and  other  gold-mining  centres,  in  addition  to  their  occurrence  at 
Kalgoorlie  is,  at  least,  significant. 

On  the  whole,  then,  although  there  can  be  no  definite  proof,  it 
must  be  admitted  that  the  probability  of  the  derivation  of  the  Kal- 
goorlie igneous  rocks  from  one  parent  magma  is  fairly  strong. 

VII.- SUMMARY  AND  CONCLUSIONS. 

The  Geological  History  of  the  North  End. — Summarising  the 
results  of  the  foregoing  chapters  it  is  possible  to  form  some  idea  of 
the  probable  secjuence  of  events  in  the  geological  history  of  the  North 
End.  This  history  is  necessarily  incomplete,  and  at  i)resent  it  is 
not  possible  to  i)lace  some  of  the  results  of  djmamic  action  in 
their  proper  chronological  order.  The  correct  position  of  the  prob- 
able sediments  of  the  Phoenix  brick  pits  is  also  uncertain,  but  if 
they  belong  to  the  same  series  as  the  sheared  conglomerates  of 
Binduli,  etc.,  they  were  probably  formed  at  a  later  date  tlian  the 
inti-usion  of  the  porphyrites  at  any  rate.  But  owinu'  to  the  uncer- 
tainty of  their  position  and  the  fact  that  they  are  of  little  im- 
portance within  this  area,  they  are  not  included  in  the  following 
iiistory. 

In  the  first  place,  we  must  regard  the  Kalgoorlie  region  as  a 
portion  of  the  earth's  crust  attempting  to  accommodate  itself  to 
a  lessening  horizontal  area  due  to  the  contraction  of  the  earth  as  a 
whole.  This  resulted  in  a  long  continued  period  of  pressure  during 
which  the  rocks  were  sheared,  crushed  and  fractured  in  places.  The 
fissures  so  formed  would  naturally  form  paths  for  intrusions  and 


*  Loe.  eit.,  p.  419. 
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ore-bearing  solutions  emitted  diirirg-  the  intervening  minor  periods 
of  relaxation. 

It  would  appear  that  the  earliest  rocks  of  wliich  \Ye  have  evi- 
dence were  lavas  of  basaltic  composition  probably  exuded  from 
fissures  during  a  period  of  relaxation.  We  can  form  no  opinion  as 
to  the  original  extent  and  depth  of  these  rocks  or  of  the  period  of 
time  covered  by  their  effusion,  while  as  to  what  rocks  constituted 
the  surface  on  which  these  lavas  were  laid  down  there  is  no  evi- 
dence. It  is  probable  tliat  these  Older  Greenstones  more  n^^arly 
represent  the  average  composition  of  the  parent  magma  than  any 
of  the  later  emissions  from  that  magma,  although  differentiation 
may  have  already  taken  place  to  some  extent. 

At  a  later  date  the  quartz-gabbros  or  quartz-dolerites  and  the 
other  and  more  basic  members  of  the  Younger  Greenstones  intruded 
the  lavas  along  a  line  of  weakness  having  a  general  N.N.W.-S.S.E. 
strike  and  resulting  from  pressure  at  right  angles  to  that  direction. 
The  Younger  Greenstone  intrusion  appears  to  have  produced  a  cer- 
tain amount  of  contact  metamorphism  in  the  older  series ;  this  is 
evident  in  places  along  the  eastern  edge  of  the  former;  it  is  im- 
probable, however,  that  any  absorption  of  the  older  rocks  took  place 
owing  to  the  similarity  in  composition  of  the  two  series.  Both  rocks 
may  have  been  sheared  to  some  extent  round  their  margins. 

Subsequent  pressure  from  the  same  AV.S.W.-E.N.E.  direction 
produced  the  lines  of  weakness  in  the  Younger  Greenstones  along 
which  the  dykes  of  albite-porphyrite  were  intruded — probably  as 
apophyses  from  the  main  body  of  porphyrite. 

A  further  period  of  intense  pressure  from  the  same  direction 
shortly  after  the  intrusion  of  the  i^orpliyrites,  resulted  in  the  shear- 
ing of  the  Older  Greenstones,  Younger  Greenstones  and  the  albite- 
porphyrites  along  the  four  main  lines  mentioned  in  Chapter  IV. 
with  numerous  minor  fissures,  including  those  at  right  angles  and 
complementary  to  the  main  shear  lines. 

At  a  somewhat  later  period  further  ])ressure,  tliis  time  from 
the  North,  resulted  in  overthrust  faulting  along  E.W.  lines  with  a 
shallow  northerly  dip. 

During  the  long  continued  i)eri()d  of  compression  the  Green- 
stone rocks  were  uralitised  and  saussuritised. 

Following  on  the  last  mentioned  i)eriod  of  pressure  from  the 
noHli,  liighly  aciive  solutions  and  vapours,  containing  boron,  sul- 
phur and  carbon  compounds— the  laller  i)r()l)al)ly  a  hydrocarbon— 
and  f»(!riia|)s  some  polasli.  Ioi-cmmI  llicir  way  ah)ng  some  of  the 
N.N.W.-S.S.E.  sliear  /.otics  to  rorni  tlie  gi-apliilic  scliisls.  Glosely  fol- 
lowing on  these  solutions  came  ollieis  conlMining  enormous  (lunnlities 
of  carl)onic  acid  togetlier  with  sulphur  and  pot assiuui— pro))ably 
combined  as  potassiinii  sidpliide    and  also  gold,  silver  and  tellurium; 
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these  resulted  in  tlie  formation  of  the  lodes  and  the  auriferous  cross 
quartz  veins.  These  solutions  would  produce  the  greatest  metaso- 
matie  alteration  along  the  main  shear  lines  with  gradually  diminish- 
ing alteration  away  from  them.  Bleaching,  owing  to  the  breaking 
up  of  the  ferro-magnesians,  with  the  formation  of  pyrite,  etc.,  would 
take  place  to  a  greater  or  less  extent  in  the  immediate  vicinity 
of  the  channels  along  which  the  solutions  found  their  way,  with  the 
resultant  formation  of  the  bleached  greenstones  and  the  fuchsite- 
carbonate-quaitz  rocks;  while  the  greenstones  represent  a  lesser 
degree  of  alteration  away  from  those  channels.  Carbonation  pro- 
bably continued  over  a  long  period,  for  carbonate  veins  are  found 
associated  with  the  later  shear  zones.  It  is  possible,  however,  that 
these  veins  are  due  to  the  action  of  circulating  vadose  waters. 

Earth  movements  continued  to  take  place  long  after  the  forma- 
tion of  the  ore  deposits,  one  of  the  most  important  being  the  result 
of  pressure,  probably  from  the  west,  causing  shearing  along  N.-S. 
lines  with  the  formation  of  the  shear  zones  of  the  Reward-Mt.  Char- 
lotte and  the  Lord  Nelson  and  probably  the  re-opening  of  tissures 
along  the  lode  channels. 

Another  important  series  of  movements  resulting  from  pressure 
from  the  S.S.W.  faulted  the  Golden  Zone  and  Mystery  lodes,  while 
a  series  of  overthrust  faults  striking  E.-W.  was  the  result  of  pres- 
sure, this  time  from  the  south,  the  effects  of  this  last  being  evident 
in  the  faulting  of  cross  quartz  veins  in  the  Hannan's  Hill,  Cassidy 
Hill,  and  Eaglehawk  United  leases. 

These  later  movements  are  not  given  in  chronological  order, 
there  being  no  evidence  as  to  their  relative  age. 

It  must  be  remembered  that  the  above  history  is  largel}^  hypo- 
thetical, but  it  is  that  which  seems  most  pYobable  to  the  waiter  on 
the  available  e\  idence. 

The  Helative  Economic  Importance  of  the  Bocks.  —  Turning  to  the 
question  of  the  relative  economic  importance  of  the  rocks,  the  most 
important  point  to  be  remembered  is  that,  in  this  area.,  the  payable 
lode-formations  are  invariably  associated  with  the  greenstones — 
never  with  the  amphibolites.  At  the  North  End  the  quartz-dolerite 
and  dolerite  greenstones  liave  proved  of  the  greatest  economic  im- 
portance, the  fine-grained  greenstones  i-ankmg  next;  in  the  latter 
rocks  the  lodes  are,  on  the  average,  ]:)oorer  and  more  patchy.  The 
albite-porphyrites  have  not,  so  far,  proved  to  contain  paya])le  lodes 
— although  lodes  in  whieli  ricli  patches  occur  arc  found  at  tlie  junc- 
tion of  these  rocks  witli  the  Younger  Greenstones,  l)ut  the  fact 
that  the  auriferous  solutions  have  in  aJl  prol)ability  been  after- 
emanations  from  the  magma  from  which  these  rocks  and  the  horn- 
blende-porphyrites  were  derived  makes  them  of  very  great  signifi- 
cance so  far  as  tlie  occurrence  of  payable  lodes  in  other  districts  is 
concerned. 
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Regarding  the  occurrence  of  lode  formations  in  the  fine-grained 
greenstones  and  calc-sehists — as  already  stated,  Dr.  Maclaren  re- 
gards these  rocks  as  being  normally  barren,  and  considers  that  the 
exceptionally  rich  ore  found  in  them — such  as  that  of  the  Oroya- 
Brown  Hill  shoot  and  the  Eclipse  lode,  in  the  more  southerly  por- 
tion of  the  field — has  travelled  in  solution  from  the  quartz-dolerite 
to  be  deposited  in  the  calc-schist  along  the  main  shear  lines.  Ap- 
parently, then,  Dr.  Maclaren  regards  the  auriferous  solutions  as 
having  a  close  genetic  connection  with  the  quartz-dolerite,  and, 
therefore,  that  the  occurrence  of  payable  lodes  in  the  Older  Green- 
stones is  abnormal  and  due  to  special  conditions.  In  dealing  with  the 
fine-gTained  greenstones,  the  present  writer  mentioned  the  compara- 
tive proximity  of  the  lodes  in  these  rocks  to  the  boundary  of  the 
Younger  Greenstones,  and,  further  that  most  are  connected  with  the 
narrow  and  persistent  formation  which  follows  that  boundaiy  very 
closely;  thus  apparently  confirming  Dr.  Maclaren's  views.  There 
is,  however,  another  possible  explanation,  namely,  that  the  relative 
proximity  of  these  rocks  to  the  source  of  the  auriferous  solutions, 
together  with  the  position  of  the  main  lines  of  weakness  along  which 
these  solutions  travelled,  determined  the  relative  economic  value  of 
these  rocks.  The  area  now  occupied  by  the  Younger  Greenstone 
dyke  has  evidently  been  one  of  weakness,  most  affected  during  the 
long  period  of  earth-movements,  with  the  result  that  the  main  lines 
of  shearing  are  in  these  rocks,  the  Older  Greenstones  being  affected 
to  a  minor  degree  near  tlieir  junction  with  the  Younger  rocks;  more- 
over, the  junction  of  the  two  series  would  be  a  potential  line  of  weak- 
ness. As  we  have  seen,  tlie  albite-porphyrites  have  been  intruded 
along  some  of  the  older  lines  of  weakness  in  the  Younger  Green- 
stones, and  if  the  auriferous  solutions  were  genetically  connected 
with  the  former  rocks,  it  is  most  probable  that  they  would  travel  so 
far  as  possible  along  the  same  channels,  or  along  the  major  shear 
lines  which  had  been  formed  near  the  former  after  the  intrusion  of 
the  albite-]H)rphy rites.  The  metasoniatic  action,  with  the  deposition 
of  gold,  would  be  greatest  along  the  main  channels  and  least  along 
the  minor  shear  lines  farthest  away  from  the  main  lines;  so  that  in 
tlie  shear  zones  in  tlioso  rocks — now  rei)resented  by  quartz-dolerite 
am])hibolites,  fine-grained  ami)hibolites  and  other  amphibolitic  rocks 
— where  the  solutions  have  had  least  effect,  the  gold  content  would  be 
negligible,  while  in  the  fine-grained  greenstones  and  calc-schisls  the 
lodes  would  be  comparatively  poor  and  patchy.  Moreover,  as  re- 
gards the  relative  richness  of  the  North  End  and  the  Golden  Mile, 
it  is  probable  that  the  same  explanation  holds  good,  namely,  that 
the  latter  locality  has  l)e('n  moj'e  highly  sheared  and  was  more  closely 
connected  with  the  soni'ce  of  the  gold-bearing  solutions. 

Additional  evidence  against  the  theory  that  the  Vonnger  Green- 
stones were  themselves  the  original  source  of  the  gold,  the  latter 
being  presumably  held  in  combination    by    the  ferro-magnesian 
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minerals* — the  splitting  up  of  these  permitting  the  dissolving  of 
the  gold  with  subsequent  deposition  in  the  lode  formations — is  that 
in  other  districts,  such  as  the  Ularring^f  where  great  numbers  of 
auriferous  quartz  reefs  occur,  the  country  rock  is  amphibolite, 
derived  from  a  dolerite  or  gabbro  apparently  of  the  Younger  Green- 
stone series,  and  even  in  the  sheared  zones  in  the  immediate  vicinity 
of  the  reefs,  the  hornblende  has  not  been  appreciably  cliloritised ; 
so  that,  in  that  district,  at  any  rate,  this  theory  does  not  hold  good. 
Whether  such  was  the  case  at  Kalgoorlie  no  direct  proof  is  at  pre- 
sent possible,  but  the  occurrences  of  the  Ularring  district  certainly 
afford  circumstantial  evidence  against  this  theory. 

VIII.~THE  MINES. 

Milanese  G  M.L.  4293e  (Golden  Dream  G.M.  Co.,  N.L.). 

The  northern  portion  of  this  lease  was  dealt  with  in  the  pre- 
vious report  (Bulletin  No.  51,  pp.  34-5),  and  only  the  southern  por- 
tion of  the  lease,  formerly  held  as  G.M.Ls.  4219e,  4073e,  4012e, 
Golden  Dream,  and  at  an  earlier  date  as  G.M.L.  1620e,  Elsie  Con- 
liffe,  will  be  described  here.  All  these  leases  covered  the  same 
ground,  situated  in  the  low-lying  area  south  of  the  Devon  Consols 
Consolidated  G.M.L.  1121e  and  the  Transcontinental  Railway  line. 

The  ground  is  largely  covered  by  superficial  deposits,  and  oxida- 
tion of  the  underljdng  rocks  has  extended  for  a  considerable  depth, 
but  judging  by  its  exposure  in  the  Transcontinental  Railway  cutting, 
the  greater  portion  of  the  ground  is  occupied  by  the  dyke  of  albite- 
porphyrite  which  runs  south  from  the  Lone  Hand  and  Mystery 
mines.  In  this  lease  the  dyke  appears  to  split  going  south,  but  the 
evidence  on  this  point  is  very  unsatisfactory.  The  most  eastern  por- 
tion of  the  lease  is  in  dolerite  gTeenstone. 

The  two  eastern  lodes  occurring  in  the  northern  portion  of  the 
lease  have  been  met  with  in  the  workings  from  a  shaft  about  125 
feet  in  depth,  near  the  western  boundary  of  this  portion  of  the  lease, 
but  payable  values  were  not  obtained.  This  shaft  is  connected  by  a 
cross-cut,  at  a  depth  of  105  feet,  -.vith  an  incline  shaft  about  230  feet 
to  the  north-east,  put  down  on  a  large  cros-s  quartz  vein  dipping  to 
the  north  at  about  70°.  This  quartz  vein  is  exposed  in  a  cos- 
teen  running  between  the  two  shafts,  and  is  there  seen  to  be  faulted 
by  a  small  N.W.-S.E.  striking  fault.  Other  cross  quartz  veins  have 
been  worked  on  this  portion  of  the  lease.  Several  small  shafts,  now 
inaccessible,  have  been  put  down  on  this  portion  of  the  lease,  but 
nothing  of  importance  appears  to  have  been  encountered.  On  the 
other  hand,  good  values  have  been  obtained  in  other  leases  along  the 
same  line  from  formations  on  the  eastern  side  of  the  albite- 
porphyrite  dyke,  for  instance,  in  the  Mystery,  Little  Wonder,  and 

*  C.  G  Gibson, Zoc.  cit,  p.  29. 

t  G.S.W.A.  Bulletin  Nf  60,  p.  153.  : 
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more  recently  in  My.  H.  Raven's  Red  White  and  Blue  G.M.L. 
1228e^  so  that  it  would  be  worth  while  to  do  further  prospecting 
along  that  line. 

Apparently  the  only  returns  from  this  portion  of  the  Milanese 
were  for  G.M.L.  4073e^  namely,  41  tons  for  a  total  of  eight  line 
ounces. 

Gordon  G.M.L.  4539e. 

This  lease  is  situated  to  the  east  of  the  Broad  Arrow  Road,  im- 
mediately south  of  the  Kanowna  Railway  line  and  on  the  north-west 
slope  of  Mt.  Charlotte.  It  was  until  recently  held  as  G.M.L.  4412e 
of  the  same  name  (Cunard  G.M.  Co.,  KL.),  and  prior  to  that  the 
greater  part  of  (he  ground  was  held  as  G.M.L.  4128e,  Excelsior, 
and  at  an  earlier  date  as  parts  of  G.M.Ls.  IIOOe,  Chandos,  and 
879e^  Richmond. 

A  band  of  quartz-dolerite  gTeenstone,  probably  averaging  three 
chains  in  width,  runs  through  the  middle  of  the  lease,  the  south- 
western portion  of  which  is  in  quartz-dolerite  amphibolite,  and  the 
eastern  portion  likewise  in  amphibolite,  which  is  here  more  gabbroid 
in  appearance. 

The  main  shaft  is  situated  near  the  centre  of  the  lease  in  the 
greenstone  belt.  I  was  unable  to  ascertain  the  exact  depth  of 
this  shaft,  the  lower  levels,  which  were  in  sulphides,  being 
inaccessible.  A  good  deal  of  work  had  been  done  at  and  above  the 
95ft.  level,  on  a  number  of  the  E.N.E.-W.S.W.-striking  cross  quartz 
veins.  In  this  mine  these  veins  dip  north  at  about  60  degrees,  or 
slightly  steeper.  A  few  of  the  flatter  cross  veins  occur,  but  in  this 
mine  the  steeper  series  Avere  said  to  caiTy  better  values.  I  could  see 
no  definite  lode  formation,  but  several  shear  planes,  following  the 
usual  strike  of  the  country  and  dij^ping  W.S.W.  at  angles  between 
50  and  GO  degrees,  were  observed ;  the  relationship  between  these 
and  the  cross  quartz  veins  could  not  be  distinguisluMl. 

Both  veins  and  intervening  country  have  been  stoped  out  to  a 
considerable  extent,  and  lliere  has  evidently  been  a  fair  amount  of 
secondary  impregnation  in  the  oxidised  zone. 

A  fair  ainount  of  work  has  hocn  douo  on  the  "alhivinl"  ground 
at  the  northern  end  of  the  lease. 

As  tliere  docs  not  api)ear  to  be  any  well-defined  lode  on  tliis 
mine,  its  future  prospects  de]iend  on  tlie  ci-oss  quartz  veins  in  tlie 
narrow  l)elt  of  greenstone.  Judging  by  the  work  that  has  been  done 
so  far,  these  do  not  seem  to  be  snniciently  close  to  enable  them, 
logether  witli  tlie  intervening  counti-y,  to  be  treated  on  a  large  scale, 
f)articularly  as  (he  limit  of  oxidation  is  |)r()bably  not  far  from  the 
surface  at  tlie  soutliern  end  of  the  lease;  nnd  (lie  mijiing  of  the  cross 
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veins  by  themselves  is  more  suited  to  small  parties  than  a  large  com- 
pany or  syndicate. 

At  the  time  of  my  visit  the  treatment  plant  consisted  of  a  Hunt- 
ingdon mill  of  local  manufacture. 

Returns  for  this  and  former  leases  are  as  follows: — 


Name  and  Number  of  Lease.     i  Ore  treated. 


therefrom.  I^^teperton. 


Gordon,  441  2e 
Excelsior,  4128e 
Quartz  Claim,  234e 

Totals 


tons. 
o,138-25 
546-00 
96- 00 


fine  ozs. 
557-82 
109-13 
16-51* 


fine  ozs. 
0-11 
0-20 
0-17* 


5,790-25 


683-46 


0-12 


*  Not  reduced  to  fine  ozs. 


Gordon  South  G.M.L.  4446e  (now  voided). 

This  lease  was  situated  south-west  of  and  adjoining  the  Gordon. 
The  country  rock  of  the  area  covered  by  this  lease  is  quartz-dolerite 
amphibolite.  The  northern  portion  of  the  ground  is  covered  by  sup- 
erficial dej  osils,  probably  of  no  great  depth.  The  unoxidised  rock 
is  close  to  the  surface  in  the  southern  portion  of  the  ground.  One 
shaft  had  been  put  down  near  the  centre  of  the  ground  of  which 
no  particulars  are  available;  the  rock  on  the  dump,  however,  is 
amphibolite  of  the  Warden's  residence  type.  There  are  no  returns 
for  this  area,  and  there  do  not  appear  to  be  any  reasonable  pros- 
pects of  anything  payable  being  found,  though  a  few  cross  veins 
may  possibly  occur. 


Prixce  Foote  G.M.L.  4425e  (voided). 

The  ground  covered  by  this  lease  formed  part  of  the  earlier 
St.  Mungo  G.M.L.  1202e,  later  the  Hannan's  Britannia.  It  is  situ- 
ated partly  in  the  angle  formed  by  the  Kanowna  and  Boulder  Rail- 
way lines,  close  to  their  junction,  and  partly  north  of  the  former 
railway. 

In  tlie  angle  l)et\veen  the  two  lines  there  is  a  small  laterite- 
capped  rise,  under  wliich  a  fair  amount  of  work  has  been  done, 
and  there  are  numerous  siiallow  shafts  on  the  ground.  The  country 
rock  is  nowhere  exposed,  but  the  western  i^ortion  of  the  lease  is  i;os- 
sibly  in  the  southern  extension  of  the  dolerite  greenstone  exposed  in 
the  Mnllingar  quarry;  the  extreme  eastern  portion  is  most  i)robably 
in  (juartz-dolerite  amiihibolite.  Fragments  of  a  jasper  formation 
were  visible  on  an  old  dump  beyond  the  western  boundary  of  the 
lease  and  close  to  tlie  Kanowna  Railway  line. 
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The  gold  obtained  from  under  the  laterite  cap  has  probably 
been  formed  by  secondary  impregnation  after  being  leached  out  of 
cross  quartz  veins.  Xo  lode  formation  has  apparently  been  found 
in  this  gTound. 

The  only  returns  are  for  G.M.L.  1292e,  from  which  374.5  tons 
of  ore  were  treated  for  a  return  of  257.86  fine  ozs. — an  average  of 
0.69  fine  ozs.  per  ton. 

Enterprise  G.M.L.  4509e. 

This  lease  lies  to  the  east  of  the  Gordon  and  south-west  of  the 
^Milanese,  on  the  northern  slope  of  Mt,  Charlotte,  the  southern  por- 
tion of  the  lease  covering  the  northern  portion  of  the  Reservoir 
Water  Reserve.  This  lease  and  the  adjoining  Enterprise  South  are 
held  by  the  Adelaide  Enterprise  Prospecting  Syndicate,  N.L.,  being 
granted  conditional  to  there  being  no  mining  on  the  Reserve  within 
200  feet  of  the  walls  or  floor  of  the  Reservoir.  The  ground  was 
formerly  held  as  G.M.L.  4153e^  £  s.  d.,  and  previously  as  part  of 
G.M.L.  879e,  Richmond. 

The  small  area  of  gabbroid  amj^ihibolite  occurring  on  the  east 
of  the  Gordon  probably  runs  diagonally  across  this  lease,  the  north- 
eastern and  south-western  portions  being  in  quartz-dolerite  green- 
stone. 

But  little  work  has  been  done  on  this  lease  and  none  of  the  shatts 
were  accessible.  There  are  no  signs  of  any  lode  formations  in  this 
ground,  but  cross  quartz  veins  should  occur. 

Returns  for  this  ground  are  for  G.M.L.  4153e  from  which  five 
tons  were  treated  for  a  return  of  .36  fine  oz.,  an  average  of  0.07  fine 
ozs.  per  ton. 

Enterprise  South  G.M.L.  4530e  (Fig.  26). 

This  lease  is  situated  to  the  south  of  and  adjoining  tlie  in-evio'is 
one  and  was  formerly  the  northern  portion  of  G.M.L.  212e,  Mt. 
Charlotte,  i)art  of  which  was  afterwards  resumed  as  ]iart  of  W.R. 
9892. 

With  tlie  excel )1  ion  of  the  extreme  western  portion,  (lie  lease 
is  entirely  in  (inartz-dolerile  greenstone. 

At  tlie  time  of  my  visit  work  was  IxMiig  carried  on  at  (ho  south- 
eastern corner  of  llie  lease  fi'imi  the  main  shaft,  which  was  145  feet 
in  depth,  on  a  nnml)er  of  cross  quartz  veins  similar  to  those  in 
G.INI.L.  211k  I'nrtlier  soulh.  The  country  ])elween  them  was  im|^rei- 
natod  lo  SOUK-  extent  and  was  being  mined  together  with  the  quart/ 
veins.  There  wcM'e  no  signs  of  any  lode  formation:  and  although 
the  cross  (|uaH/,  veins  are  fairly  numerous,  and  oxidation  apjtears 
|(,    lij.ve    reached    a    considerable    depth    in    the    eastern  portion 
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of  the  lease,  the  future  prospects  are  not  very  great,  owing  to  the 
neees-arily  restricted  mining. 

Official  returns  up  to  the  end  of  1014  show  a  total  of  1,!)01 
tons  treated  for  a  return  of  407.43  fine  ounces,  an  average  of  0.21 
fine  ounce  per  ton. 


There  was  a  Huntingdon  mill  worked  by  a  suction  g-as  engine 
of  22V2  li-P-  oil  mine. 
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Brilliant  G.M.L.  1653e.  This  lease,  together  with  G.M.Ls.  97e, 
160e,  211e,  213e,  and  4529e,  is  held  by  the  Hannan's  Reward,  Ltd., 
formerly  the  Hannan's  Reward  and  Mi.  Charlotte,  Ltd.  This  lease 
is  the  northernmost  of  the  group,  and  is  situated  south  of  and  ad- 
joining the  Milanese  and  east  of  the  Enterprise. 

The  two  branches  of  the  big"  albite-porphyrite  dyke  occurring 
on  the  Milanese  pass  through  this  lease,  the  Avestern  portion  of 
which  is  in  quartz-dolerite-gTeenstone,  the  extreme  eastern,  and 
probably  that  portion  between  the  two  branches  of  the  albite-porphy- 
rite, in  dolerite-gTeenstone. 

There  are  five  comparatively  shallow  shafts  on  this  lease,  the 
middle  one,  Romaine's  shaft,  near  the  northern  boundary,  having  a 
depth  of  130  feet.  On  the  dump  of  this  shaft  small  crystals  of 
axinite,*  a  borosilicate  of  aluminium  and  calcium,  were  found  by 
Dr.  Thomson  in  fragments  of  a  quartz  vein.  This  is  the  only  re- 
corded occurrence  of  this  mineral  at  Kalgoorlie.  A  search  by  the 
present  writer  failed  to  reveal  further  specimens.  Specimens  of 
the  albite-porphyrite  were  common  on  the  dump. 

'The  northerly  continuation  of  a  jasper  outcropping  on  G.M.L. 
213e  runs  through  this  lease. 

With  the  exception  of  a  shallow  shaft  nortli-east  of  Romaine's 
shaft,  no  work  has  been  done  near  the  eastern  branch  of  the  albite 
])orphyrite.    As  stated  when  dealing  with  the  Milanese  lease,  rich 
]  atches  have  been  found  on  the  eastern  side  of  this  dyke,  and  it 
miglit  be  advisable  to  do  further  prospecting  here. 

Returns  for  tlie  leases  held  by  the  Hannan's  Reward,  Ltd.,  are 
given  later. 

Mt.  Charlotte  G.M.L.  213e.  This  lease  is  situated  south  of  and 
adjoining  the  last,  and  east  of  Mt.  Charlotte. 

The  we-!tern  branch  of  the  albite-porjiliyrite  dyke  i)robably 
runs  tlirough  this  lease  slightly  to  the  east  of  the  middle,  while  the 
eastern  branch  runs  close  to  the  north-east  corner.  The  Avestern 
half  of  the  lease  is  in  quartz-dolerite  greenstone,  in  Avhich  several 
cross  quartz  veins  have  been  worked  near  the  soutliorn  corner. 

A  jasper  formation,  ap]'aiently  on  the  cjis.eni  side  of  the 
western  })ranch  of  albite-]U)ri)liyrite  on* crops  on  tlio  lease,  Clay's 
sliaft  (v.d.  104  feet)  having  been  sunk  on  it.  About  4(10  feet  of 
f-ross-cutling  has  l)een  done  to  the  west  (  f  this  shnft  nt  the  43ft. 
level,  ai)j)arent]y  without  results. 

In  tlie  north-eastern  | ortion  of  tlie  lense  some  MlluxinI  worI< 
lias  been  done  nlong  n  wntercoui'se  wliich  slnrts  ncni-  the  I\;inowna 
Road. 


*  O.S.W.A.  Hull.  42,  p.  134. 
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G.M.L.  4529e.  This  is  anotlier  of  the  leases  held  by  the 
Hannan's  Reward.  Ltd.  It,  together  with  G.M.L.  4530e^  was  for- 
merly held  as  G.M.L.  212e,  Mt.  Charlotte.  This  lease  lies  to  the 
south  of  and  adjoining  G.M.Ls.  213e,  4;530e^  and  former  G.M.L. 
4446E. 

The  western  half  of  the  lease  is  in  quartz-dolerite  amphibolite, 
and  the  greater  jDortion  of  the  western  half  in  the  corresponding 
greenstone.  The  northern  extension  of  the  graphitic  schist  forma- 
tion, and  the  fuchsite-carbonate-quartz  rock  cut  in  the  east  cross- 
cut at  the  290ft.  lexel  from  the  Charlotte  shaft  on  G.M.L.  211e, 
probably  occurs  in  the  easternmost  portion  of  the  lease.  A  promin- 
ent hill  at  the  south-east  corner  is  covered  by  dense,  highly  ferru- 
ginous laterite. 

Much  of  the  eastern  portion  of  the  lease  is  now  covered  by 
slimes  dumps,  and  apparently  has  not  been  tested.  What  is  prob- 
ablj^  the  northerly  continuation  of  the  "Charlotte"  shear  zone  has 
been  worked  to  a  depth  of  80  feet  in  a  shaft  about  100  feet  south 
of  the  south-west  corner  of  G.M.L.  213e^  low-grade  ore  being  ob- 
tained therefrom,  evidently  due  to  secondary  impregnation  from 
cross  quartz  leaders;  several  of  the  latter  have  been  worked  on  the 
south-west  slope  of  Mt.  Charlotte. 

A  good  deal  of  dryblowing  has  been  done  on  this  lease  in  the 
lower-lying  ground. 

From  a  point  a  little  to  the  south  of  the  southern  corner  of  the 
Reservoir  fence  a  tunnel  has  been  driven  into  the  mount  in  a 
northerly  direction  to  a  point  under  the  Reservoir;  nothing  of  value 
was  disclosed  by  this  tunnel. 

It  is  unlikely  that  anything  of  value  will  be  found  in  the  west- 
ern portion  of  the  lease,  but  further  prospecting  in  the  area  now 
covered  by  the  slimess  dumps  would  probably  disclose  other  cross 
quartz  leaders  which  might  prove  to  be  payable. 

Mt.  Charlotte  G.M.L.  211e.  This  lease  lies  to  the  south  of  and 
adjoining  the  previously  described  lease. 

As  in  the  preceding  lease,  the  western  half  of  this  lease  is  in 
quartz-dolerite  amphibolite,  an  outcrop  of  the  type  rock  occurring 
on  the  northern  boundary  at  the  back  of  the  Warden's  residence; 
west  of  this  the  amphibolite  is  somewhat  more  gabbroid  in  appear- 
ance. 

Most  of  the  eastern  half  of  the  lease  is  in  quartz-dolerite  green- 
stone, but  on  the  eastern  side  of  the  last-named  rock  is  a  dyke  of 
albite-porphyrite,  sheared  and  carbonated  in  places;  east  of  this, 
again,  is  a  band  of  graphitic  schist,  while  still  further  to  the  east 
are  areas  of  fuchsite-carbonate-quartz  rock  and  talc-mesitite  rock 
(vide  Plates  III.  and  XL).    These  rocks  Avere  met  with  in  the  pre- 
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viously  mentioned  east  crosscut  at  the  290ft.  level,  and  were  de- 
scribed in  detail  when  dealing  with  the  graphitic  schists. 

The  "Charlotte"  or  western  shear  zone,  mentioned  in  the  chap- 
ter on  the  Evidences  of  Dynamic  Action,  runs  right  through  the 
leases,  passing  about  25  feet  east  of  the  main  shaft  at  the  surface. 
It  can  be  observed  in  the  huge  open-cut  near  the  southern  boundary 
of  the  lease.  In  this  lease  the  dip  varies  between  60  and  70  degrees. 
Between  180  and  250  feet  east  of  this  shear  zone  is  the  eastern  or 
"Reward"  shear  zone,  which  probably  runs  into  the  previously 
mentioned  albite-porphyrite  dyke. 

A  gTeat  number  of  cross  quartz  veins  of  the  steeper  series  occur 
on  this  lease;  they  vary  from  about  six  inches  to  a  fraction  of  an 
inch  in  thickness,  and  as  a  rule  carry  fair  values,  the  gold  in  them 
being  fairly  coarse.  They  are  undoubtedly  the  original  source  of 
most,  if  not  all,  of  the  gold  obtained  from  this  lease,  whether  from 
the  impregnated  country  between  these  veins  or  the  alluvial  gold  in 
the  lower-lying  ground.  In  the  oxidised  zone  these  leaders  are 
easily  worked,  and,  in  this  mine,  being  only  a  few  feet  apart,  the 
country  can  in  places  be  profitably  taken  out  en  masse,  as  may  be 
judged  by  the  size  of  the  open-cut  (Figs.  27  and  28).  But  few  of 
the  flatter-dipping  cross  veins  occur  on  this  lease,  though  particu- 
larly common  in  G.M.L.  97e  to  the  south. 

The  main  shaft,  which  has  a  vertical  depth  of  496  feet,  is  situ- 
ated about  520  feet  south-west  of  the  north-east  corner  of  the  lease, 
and  levels  have  been  driven  at  depths  of  95,  190,  290,  388,  and  488 
feet.  Crosscuts  were  driven  east  from  the  three  upper  levels,  cutting 
the  graphitic  schist  and  fuchsite  rock;  the  former  has  been  driven 
on  to  the  nortli  for  a  considerable  distance  at  these  levels,  but  there 
is  no  record  as  to  wliat  values  were  obtained,  though  probably 
there  was  a  certain  amount  of  impregnation  along  this  line  from  the 
cross  veins. 

The  western  shear  zone  has  been  driven  on  to  the  southern 
boundary  at  the  95ft.  and  190ft.  levels  and  for  about  210  feet  south 
at  the  o88rt.  level.  At  the  two  former  levels  much  work  has  been 
(k)ne  on  the  cross  quartz  veins,  as  also  at  the  100ft.  level  from 
Tweedie's  shaft  near  the  north-east  corner  of  the  open-cut,  chiefly 
on  tlie  eastern  side  of  tlie  western  shear  zone,  \\alues  are  poor  in 
the  leaders  in  the  immediate  vicinity  of  tlie  sliear  zone,  which  faults 
lliem  to  the  nortli  going  west — the  faulting  is  greatest,  usually  a 
few  feet,  along  the  hanging-wall  plane  of  the  shear  zone,  but  the 
leaders  are  jUso  faulted  a  few  inches  along  the  footvvall  and  inter- 
mediate planes.  In  the  sulphide  zone  the  gold  content  of  these 
\eins  is  probably  as  high  as  in  the  oxidised  zone,  but  owing  to  the 
greatly  increased  hardness  of  the  country  rock,  and  the  fact  that 
the  veins  are  "frozen"  thereto,  mining  is  more  diflficult  and  the  costs 
higher. 
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There  is  an  old  30-liead  battery  north  of  the  main  shaft;  this 
is  no  longer  in  use.  Mr.  H.  Raven,  to  whom  the  leases  belonging  to 
the  Hannans  Reward  Co.  liave  been  sub-leased,   treating   the  ore 


therefrom  at  his  own  plant  on  G.M.L.  796e.  A  winding  engine  is, 
however,  in  use  at  the  main  shaft. 
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Hannan^s  Hill  G.M.L.  97e  {vide  Plate  X.)-  This  lease  is 
situated  to  the  south  of  G.M.L.  2Ue.  Like  the  latter,  it  has  been  let 
to  Mr.  Raven,  the  southern  portion  of  the  lease  being,  at  the  time 
of  my  inspection,  further  sub-let  to  Messrs.  Shepherd  Bros.,  the 
holders  of  G.M.Ls.  415e,  1163e,  and  14ce. 


As  ill  tlie  precedin*?  leases,  llu;  (>\lr(Miu>  wcsloni  porlion  of  lliis 
lease  is  in  (pmrtz-dolerite  ampliibolilc,  llio  wi<l('  bjind  ol'  (|unrlz- 
dolcrifc  urocusionc  oc(M>|)yin,u:  llic  middle  of  (lie  Icaso.    A  l)and  of 
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amphibolite,  entirely  obscured,  probably  lies  to  the  east  of  this, 
while  still  further  to  the  east  is  the  band  of  fuchsite-carbonate- 
quartz  rock  met  in  Gr.M.L.  211e^  intersected  by  an  albite-porphyrite 
dyke  and  several  lenses  of  jasper,  probably  graphitic  at  depth. 
The  latter  can  be  seen  outcropping  in  places,  near  the  old  water- 
shaft. 

The  shear  zones  running  through  the  last-mentioned  lease  pass 
through  this  lease  also,  the  "Charlotte"  shear  zone  being  cut  in  a 
crosscut  west  from  Barnfield  shaft,  at  the  80ft.  level;  this  shaft  is 
situated  near  the  south-west  corner  of  the  "Charlotte"  open-cut. 
This  western  shear  zone  has  only  been  driven  on  for  a  few  feet  in 
this  lease,  but  a  good  deal  of  driving  has  been  done  on  the  "Re- 
ward" shear  zone.  East  of  this  shear  zone,  and  joining  it  immedi- 
ately south  of  the  open-cut  about  two  chains  north-east  of  the  main 
shaft  is  another  shear  zone,  apparently  of  a  similar  character,  but 
striking  approximately  N.W.-S.E. ;  this  can  be  seen  in  places  in 
the  open-cuts  near  the  southern  boundary  of  the  lease  and  in  the 
workings  from  the  Cassidy  N.  (G.M.L.  1163e)  main  shaft,  while  a 
parallel  shear  zone,  roughly  two  chains  south-west  of  the  last,  can 
be  seen  on  the  western  side  of  the  open-cut  on  the  southern  boun- 
dary of  the  lease.  Whether  these  N.W.-S.E.  striking  formations 
are  true  lodes  or  belong  to  the  latter  series  of  barren  shear  zones, 
is  difficult  to  determine,  the  Avriter  having  no  opportunity  of  ex- 
amining them  at  depth;  their  strike  is  in  favour  of  the  former,  but 
their  general  characteristics  and  low  value  in  the  oxidised  zone,  to- 
gether with  the  fact  that  they  apparently  do  not  exist  to  the  west 
of  the  N.-S.  shear  zones,  are  decidedly  in  favour  of  the  latter  view. 
Numerous  minor  shear  zones  and  fault  planes  occur  on  the  mine. 

As  in  the  previous  lease,  the  cross  quartz  veins  are  the  main 
source  of  the  gold  in  this  lease,  but  liere  the  flatter  E.-W.  series 
predominates.  Examples  of  the  steeper  series  occur,  but  are  not  so 
common  as,  and  are  steeper  in  dip  than  in  G.M.L,  211e,  being 
jiraetically  vertical  at  the  southern  end  of  the  lease.  Tn  a  si^ecimen 
I  2772]  from  a  cross  vein  from  the  bottom  level  of  the  main  sliaft, 
splashes  of  telluride  occur  associated  witli  free  gold ;  this  is  the 
only  occurrence  of  tellurides  in  these  cross  veins  recorded. 

The  main  or  '^Reward"  shaft,  wliich  has  a  depth  of  51S  feet, 
is  situated  on  the  top  of  the  liill  from  which  the  lease  takes  its 
name.  The  workings  are  very  extensive,  levels  having  been  driven 
at  depths  of  80,  138,  197,  295,  and  49.3  feet;  only  the  first  three 
were  accessible  at  the  time  of  this  survey.  Nortli  and  south  drives 
traverse  the  lease  from  end  to  end  at  the  80ft.  level,  from  which 
much  sloping  has  been  done  on  the  cross  leaders,  particularly  in 
the  southern  portion  of  the  lease,  where  the  workings  resemble  a 
rabbit  warren.  The  eastern  workings  at  the  80ft.  level  are  con- 
nected by  winzes  with  a  long  drive  north  at  the  80ft.  level  from 
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the  Cassidy's  North  main  shaft,  the  Cassidy's  North  80ft.  level 
corresponding'  to  one  of  114  feet  as  measured  from  the  surface  at 
the  "Reward"  shaft.  A  good  deal  of  work  has  been  done  at  the 
197ft.  level,  where  long  drives  have  been  put  in  to  the  north  and 
south,  the  latter  nearly  to  the  boundary  of  the  lease,  following  the 
shear  zones,  which  Avere  evidently  regarded  as  true  lodes. 

There  are  numerous  shallow  shafts  on  the  lease,  either  on  the 
cross  veins  or  connecting  with  the  80ft.  level  in  the  vicinity  of  cross 
veins.  There  are  several  large  open-cuts  on  this  lease — the  north- 
ernmost connecting  Avith  that  on  G.M.L.  211e— in  which  both 
leaders  and  the  intervening  country  have  been  worked  on  a  large 
scale. 

Hannan's  Reward  G-.M.L.  160e.  This  lease  adjoins  G.M.L. 
97e,  and  is  the  southernmost  belonging  to  the  Hannan's  Reward  Co. ; 
the  boundary  betAveen  the  quartz-dolerite  amphibolite  and  green- 
stone passes  through  the  lease.  There  are  three  shafts  on  the  lease, 
of  Avhich  one — ^"Hannan's"  shaft — on  the  northern  boundary  con- 
nects witli  the  south  drive  at  the  80ft.  level  from  the  "Reward"  shaft. 
Opposite  Hannan's  shaft  long  crosscuts  run  east  and  Avest  to  the 
boundaries  of  the  lease;  the  western  one,  which,  unfortunately,  was 
mullocked  up,  evidently  cuts  the  Charlotte  shear  zone  at  about  280 
feet  Avest  (along  the  crosscut)  of  the  shaft. 


Returns  supplied  by  the  Mines  Department  Statist  for  the  leases 
held  by  the  Hannan's  ReAvard,  Ltd.,  are  as  follows : — 


Numbers  of  Leases. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton . 

97e,    160e,    211e,    212e,  213e, 
1653E 

tons. 
312,824-31 

fine  ozs. 
72,806-35* 

fine  ozs. 
0  23 

*  Includes  2-58ozs.  specimens  and  dollied. 

Cassidy  Hill  G.M.L.  4e    (Figs.   29   and  30).      Tiiis  lease 
lies    to    the    soulli     of    and     adjoining    the     ])reviously  des- 

cribed  lease;  its  south-western  boundary  crosses  the  Boulder 
Railway  line.  Now  owned  l)y  Mr.  A.  G.  Hadden,  it  was  formerly 
one  of  ihc  I'ariiiga  Mines,  Ltd.,  leases. 

The  easlcni  and  grcaler  |)orlion  of  Hie  lease  is  in  quartz-dolerite 
^^i-ecristone,  th(>  weslcrn  in  (he  corresponding  ami)hibolile,  intermed- 
iate phases  occurring  Ixitween  the  two. 

The  Chailolle  and  Reward  shear  zones  apparently  pass  into  the 
lease,  all  hough  t  he  former  had  not  been  cut  in  any  of  the  workings 
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accessible  to  the  Avriter;  the  latter  is  seen  as  a  thin  shear  zone  in 
the  crosscut  at  the  180ft.  level  connecting  the  main  shaft  with  No. 
2  shaft. 

The  workings  have  disclosed  no  lode  formations  on  the  mine. 
All  the  gold,  as  with  the  Hannan's  Reward  leases,  being  obtained 


from  the  cross  quartz  veins  of  both  series.  Numerous  small  fault 
planes  are  found  to  cut  the  cross  veins,  throwing  them  to  the  north, 


10-i 


going  Avest,  for  distances  varying  from  a  few  inches  to  about  five 
feet  {vide  Plate  VIII.),  and  the  country  in  general  is  much  jointed. 

The  main  shaft,  situated  on  the  top  of  the  hill,  has  a  total  depth 
of  180  feet  from  the  surface,  levels  having  been  driven  at  depths 
of  63,  95,  118  and  180  feet. 


The  sleeper  series  oi'  cross  veins  dips  slightly  to  the  south  in 
this  mine;  a  good  deal  of  work  has  been  done  on  these  at  the  63  and 
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118ft.  levels.  The  flatter  series  have,  however,  been  most  persistently 
worked,  particularly  the  No.  4  and  No.  2  veins. 

In  one  of  the  vertical  veins  close  to  the  southern  boundary  in 
the  120ft.  level  from  No.  1  shaft  a  small  rich  patch,  showing  mucli 
free  gold,  was  associated  with  galena,  haematite  and  a  ferriferous 
carbonate.  Some  of  the  gold  shown  the  writer  from  veins  in  the 
oxidised  zone  resembled  that  resulting  from  the  decomposition  of 
tellurides. 

There  is  a  small  treatment  plant  on  the  mine. 

Part  of  the  returns  for  this  lease  are  unfortunately  combined 
with  those  from  G.M.L.  392e  outside  this  area,  wdiich  was  also  one 
of  the  Paringa  Mines,  Ltd.,  leases. 


The  returns  supplied  are  as  follows: — 


Name  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

tons. 

fine  ozs. 

fine  ozs. 

4e,  Cassidy  Hill 

2,,313-50 

6,758-64* 

2-92 

4e,  392e,  "Paringa  Mines.  Ltd.    .  . 

64,853-72 

29,379-50 

0-45 

67,167-22 

36,138-14 

0-54 

Includes  1,788-09  fine  ozs.  from  specimens  and  dollied  ;  13-9ozs.  of 
silver  were  also  obtained. 


Cassidy's  North  G.M.L.  1163e.  This  lease,  originally  G.M.L. 
3e,  together  with  the  adjoining  G.M.Ls.  415e-  and  14ce,  forms  part 
of  the  Hannan's  Consols  leases,  formerly  the  Hannan's  Consols,  Ltd. 
It  adjoins  the  Hannan's  Hill  and  Cassidy  Hill  leases. 

The  south-western  half  of  the  lease  is  in  quartz-dolerite  green- 
stone, the  north-eastern  half  in  the  corresponding  amphibolite.  Much 
of  the  surface  is  hidden  by  a  slimes  dump.  The  southern  portion  of 
a  sm^all  albite-porpliyrite  dyke  runs  through  the  northern  corner;  on 
the  south-western  side  of  this  dyke  is  a  small  body  of  jasper.  The 
northern  portion  of  the  albite-porphyrite  dyke  which  runs  to  the 
south-west  of  Williamstown  also  runs  through  this  lease,  and  can 
be  seen  at  the  80ft.  level  from  No.  3  shaft.  There  is  another  jasper 
formation  about  14ft.  wide  on  the  south-western  side  of  this  dyke. 

The  two  N.W.-S.E.  striking  shear  zones  which  run  into  the 
Reward  shear  zone,  run  through  this  lease,  the  north  drive  at  the 
80ft.  level  from  the  main  hauling  shaft  following  the  north-easterly 
one.  The  main  shaft  is  situated  IGO  feet  north  of  the  south  corner 
of  the  lease.  North-west  of  the  main  shaft  there  are  two  large  open 
cuts,  with  a  third  one  crossing  the  boundary  between  this  lease  and 
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G.M.L.  97e.  As  usual,  both  cross  veins  and  country  from  these  cuts 
have  been  milled.  Numerous  shafts  have  been  put  down  on  the 
lease,  on  cross  veins.  No.  3  shaft  has  a  depth  of  290  feet,  and  at 
this  depth  a  long  crosscut  connects  with  the  Lady  Elizabeth  No.  1 
shaft. 

There  is  a  small  treatment  plant  on  this  lease. 

Returns  for  this  lease  and  G.M.Ls.  415e  and  14ce  are  as  fol- 
lows : — • 


Name  and  Number  of  Lease. 


Ore  treated. 


Gold 
therefrom. 


Rate  per  ton. 


tons. 

fine  ozs. 

fine  ozs. 

14cE,  415e,  1163e,  Hannan's  Con- 

52,012-67 

10,228-06* 

0-20 

sols  Leases 

*  Includes  2-84ozs.  alluvial  and  276-35  fine  ozs.  dollied  and  specimens. 

Lady  Elizabeth  G.M.L.  415e.  This  lease  adjoins  the 
last  on  the  north-east.  Roughly  the  western  third  of  the 
lease  is  in  quartz-dolerite  amphibolite,  the  eastern  two-thirds 
in  dolerite-greenstone.  The  southern  portion  of  a  prom- 
inent jasper  formation,  best  developed  on  a  small  hill  to  the  north, 
runs  into  the  lease  and  has  been  cut  in  the  workings  from  the 
main  shaft  at  depths  of  96  and  296  feet.  The  main  shaft  is  306  feet 
deep.  Some  specimens  of  talc-chlorite-carbonate  rock,  probably 
occurring  near  the  jasper,  were  found  on  the  dump.  The  south- 
western end  of  another  prominent  jasper  striking  N.E.-S.W.  crosses 
the  north-eastern  boundary.  The  previously  mentioned  albite-por- 
phyrite  dyke  running  south-west  of  Williamstown  crosses  through 
the  southernmost  portion  of  the  lease. 

Nothing  of  value  a])i)ears  to  have  been  found  on  this  lease, 
which  has  not  been  well  ])ros])ected. 

("ai.edoxian  G.M.L.  14ck.  This  lease  lies  to  the  south  of  and 
adjoining  G.M.Ls.  415k  and  1163e.  The  south-western  two-thirds  are 
in  quartz-dolerite  greenstone,  the  remaining  third  in  quartz-dolerite 
amphibolite,  somewhat  gabbroid  in  ])laces,  judging  from  MV.  Camp- 
bell's description.  This  })ortion  of  the  lease  is,  however,  hidden  by 
the  slimes  dumj).  'The  westernmost  of  the  two  jaspers  found  in 
G.M.L.  11()3k  runs  close  to  the  north-eastern  1)oundary  of  this  lease. 

There  are  several  shallow  shafts  i)ut  down  on  cross  veins  in  the 
greenstone  in  tlie  southern  |)()rli()n  of  tiie  lease. 

Maiutana  G.M.Ii.  27*)i;.  This  lease  adjoins  the  south-eastern 
l)oundary  of  G.M.L.  Ik,  and  together  with  G.M.L.  2k  (and  formerly 
.'{770k,  now  voided)  Coi-nis  one  of  \h(\  Mni'itann  grouj)  of  leases. 
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It  is  entirely  in  qiiartz-dolerite  greenstone,  but  most  of  the 
surface  is  obscured  by  superficial  deposits  in  which  much  dry-blow- 
ing has  been  done.  The  northern  portion  of  the  Maritana  lode  runs 
into  this  lease. 

Several  shallow  shafts  have  been  put  down  on  cross  veins  in 
the  lease,  and  a  water  shaft  was  put  down  to  a  depth  of  258ft.  on 
the  road  to  Williamstown,  near  the  south-western  boundary  of  the 
lease;  this  shaft  has  been  filled  in. 


Returns  for  the  Maritana  leases  are  given  below: — 


Name  and  Number  of  Lease.     1  Ore  treated. 

1 

Gold 
therefrom. 

Rate  per  ton. 

2e,  279e,  Maritana  G.M.  Co.,  N.L. 
2e,  279e,  3770E,  Maritana  Leases 
377 Oe,  Eaglehawk  United 

Totals  

tons.       '     fine  ozs. 
11,373-50  4,660-82* 
20,347-63  8,623-74* 
4,161-56  4,118-30* 

fine  ozs. 
0-41 
0-42 
0-9C' 

35,882-69  I  17,402-86* 

i 

0-48 

Includes  alluvial,  dollied,  and  specimens. 


Maritana  G.M.L.  2e  (Fig.  31).  This  adjoins  the  south-eastern 
boundary  of  G.M.L.  279e^  and  covers  practically  the  Avhole  of  Mt. 
Gledden.  It  is  entirely  in  quartz-dolerite  greenstone.  A  lode  forma- 
tion striking  N.W.-S.E.  runs  through  the  north-western  portion  of 
the  lease;  its  south-eastern  extension  has  not  been  followed.  A  fair 
amount  of  Avork  has  been  done  on  the  northern  portion  of  this  lode 
from  the  surface  down  to  the  75ft.  level  from  the  main  shaft,  which 
is  situated  on  the  north-west  slope  of  the  hill,  close  to  the  corre- 
sponding boundary  of  the  lease.  Apparently  this  lode  has  not  been 
cut  in  the  lower  levels  of  the  mine,  which  are  not  sufficiently  far  to 
the  west.  A  N.-S.  shear  zone,  which  was  apparently  taken  for  the 
lode,  was  cut  in  the  west  cross-cut  at  the  140ft.  level  (Fig.  32). 
This  shear  zone  has  faulted  a  cross  quartz  vein,  and  has  also  acted 
as  a  channel  for  vadose  waters,  the  country  on  the  western  side  at 
the  140ft.  level  being  oxidised,  that  on  the  eastern  unoxidised  (Fig. 
33). 

A  description  has  already  been  given  of  the  lode  formation, 
which  has  also  been  cut  in  an  adit  level  in  the  south-western  side  of 
the  hill. 

There  are  numerous  cross  veins  belonging  to  both  series  in 
the  lease,  and  a  good  deal  of  work  has  been  done  on  these  from  time 
to  time. 

Eaglehawk  United  G.M.L.  3770e  (voided).  This  lease 
adjoins  the  south-western  boundary  of  the  preceding  lease 
and   crosses   the   Brown   Hill   Railway   line.    The  south-western 
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two-thirds  are  in  quartz-dolerite  ampliibolite,  the  nortn-eaotern  third 
in  quartz-dolerite  greenstone.  The  northerly  extension  of  the  barren 
lode  from  the  former  Hannan's  Find,  G.M.L.  4470E;,  runs  into  this 
lease  at  its  southern  end.    Three  shallow  shafts  have  been  sunk  on 


tliis,  upi'ai-cntly  without  liiidiiig  pnyabk'  vjilues.  Tlie  gold  from 
tliis  lease  lias  evident ly  l)een  largely  obtained  from  cross  (luartz 
veins,  or  from  siiperticial  deposits. 
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The  lease  has  been  fairly  well  prospected,  particularly  at  the 
73ft.  level,  connecting  three  shafts  near  the  middle  of  the  lease. 
From  the  dump  of  the  central  one  of  these,  specimens  evidently 
from  a  lower  level,  now  inaccessible,  were  obtained  of  a  very  coarse 


CO  s 


pegmatitic  variety  of  the  quartz-dolerite  amphibolites  mentioned 
when  dealing  with  those  rocks.    A  cross  vein,  up  to  14  inches  in 
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thickness,  dipping-  south  at  a  steep  angle,  had  been  followed  near 
the  northernmost  of  the  three  shafts;  it  appeared  to  contain  a  good 
deal  of  manganese  oxide. 

Lord  Nelsox  G.M.L.  4477e  (Figs.  34  and  35).  This  lease  ad- 
joins the  south-eastern  boundary  of  G.M.L.  2e;  the  ground  Avas 
formerly  part  of  G.M.L.  4303e^  Sir  John  Forrest— the  latter  being 


l.rcvioiisly  hehl  as  ({.M.L.  r)()lK  of  I  he  same  nanie--G.I\I.L.  ir)91.K, 
Sir  Jolin  Forrest  Fxtendcd,  and  G.ALL.  2<)SSk,  LitHc  Duke,  ))elong- 
ing  lo  lh(!  Pariiign  Mines,  Ltd. 

'I'he  main  b(  It  ot  (|ujii  l z-(h)lcrile  greenslone  ends  in  lliis  lease, 
the  grenlei-  jtorlioii  ot  whicli  is  in  anipliiholite.    A  N.-S.  sliear  zone 
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runs  through  the  middle  of  the  lease.  There  are  numerous  cross 
(|uartz  veins  of  both  series,  on  -which  a  good  deal  of  work  has  been 
done,  particularly  at  the  northern  end  of  the  ground. 


The  old  main  sluil't  is  situated  slightly  west  of  llie  centre  ol'  the 
lease  and  has  a  total  deptli  of  ."UO  feel;  levels  have  been  driven  at 
depths  of  84,  191,  and  feet  ;  the  shear  zone  has  been  dri\en  on 
at  each  of  these  levels;  the  84ft.  level  is  connected  by  a  rise  with  the 
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54ft.  level  from  the  No.  2  shaft,  which  is  about  150  feet  north-east 
of  the  main  shaft.  A  little  work  has  been  done  on  cross  veins  at 
this  level,  and  also  at  the  80ft.  level.  There  are  a  number  of  other 
comparatively  shallow  shafts  on  the  lease,  and  a  good  deal  of  dry- 
blowing  has  been  done  on  the  western  half. 


Fig.  35. 
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The  onl}^  returns  are  for  this  lease  and  G.M.L.  4303e. 


Name  and  Number  of  Lease. 


Ore  treated. 


Gold 
therefrom. 


Rate  per  ton. 


tons. 

fine  ozs. 

fine  ozs. 

4477 E,  Lord  Nelson 

2,024-  38 

755-36* 

0-37 

4303E,  Sir  John  Forrest  . . 

132-52 

104-42* 

0-79 

Total  

2,156-90 

859-78* 

0-40 

*  Includes  dollied  and  specimens. 

Hanxan's  Find  G.M.L.  4470e  (voided)  and  Hannan^s  Find 
Ex.  G.M.L.  4471e  (voided).  These  leases,  which  were  held  as  tho 
Hannan's  Find  leases,  were  situated  between  the  Boulder  and  Brown 
Hill  Railway  lines,  to  the  south-west  of  G.M.L.  4477e,  which  G.M.L. 
4471e  adjoined.  The  ground  covered  by  G.M.L.  4470e  was  formerly 
part  of  G.M.L.  4056e  of  the  same  name,  and,  prior  to  that,  part  of 
the  gTound  was  held  as  G.M.L.  9e^  Bohemian  Girl,  while  the  ground 
covered  by  G.M.L.  4471e  was  formerly  part  of  G.M.L.  1511e^  Lady 
Forrest. 

The  area  occupied  by  these  leases  is  entirely  in  quartz-dolerite 
amphibolite.  A  fairly  long  line  of  lode,  splitting  to  the  north,  runs 
through  G.]\r.L.  4470e  and  through  former  G.M.L.  42e  (154)  into 
the  old  Eaglehawk  United.  An  unusual  feature  of  this  lode  is  the 
marked  dip  to  the  north-east.  Although  fairly  well  defined,  this 
lode  is  practically  barren,  as  might  be  expected  from  the  nature 
of  the  country  rock.  A  little  work  was  done  on  it  from  the  Lady 
Forrest  and  Bohemian  Girl  main  shafts;  the  latter  is  situated  on 
the  top  of  a  small  laterite  hill,  under  which  a  great  deal  of  work  has 
been  done,  the  infralaterite  being  impregnated,  in  the  usual  fashion, 
with  gold  from  cross  quartz  veins,  of  which  there  are  a  number 
on  the  ground,  though  perhaps  not  to  the  same  extent  as  in  the 
greenstone  country.    Most  of  the  ground  has  been  dry-blown. 

Returns  for  these  and  former  leases  are  as  follows: — 


Name  and  Number  of  Lease. 


4470E,  Hannan's  Find 

4470E  and  447  1e,  Hannan's  Find 

Leases 
4056E,  Hannan's  Find 
9e,  37e,  42e,  Hannan's  Find  Gold 

Reefs,  Ltd. 


Ore  treated. 


Gold 
therefrom. 


Rate  per  ton. 


Totals 


tons. 
140- 00 
1,132-00 

1,506-00 
83-50 


2,861-50 


fine  ozs. 
27-38 
196-45 


fine  ozs. 
0-19 
0-17 


291-74*  I  019 
28-79    !  0-34 

i 


544-36 


0-19 


Includes  6-06  fine  ozs.  alluvial. 
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CoxuxDRUM  G.M.L.  4401e  (voided).  This  lease  was  situated 
on  the  north-east  side  of  the  Brown  Hill  Railway  line,  and  south- 
east of  the  Lord  Nelson.  It  was  formerly  G.M.L.  4295e^  Lady  Wal- 
lace, and  prior  to  that  the  northern  part  of  the  ground  Aves  held  as 
G.M.L.  4150e,  Found  at  Last,  and  the  southern  part  as  G.M.L. 
4126e,  Cardigan.  At  an  earlier  date  the  ground  was  covered  by 
G.M.L.  1028E,  Golden  Point,  held  by  the  Hannan's  Proprietary  De- 
velopment Co.,  Ltd. 

The  north-western  half  of  the  lease  is  in  quartz-dolerite  amphi- 
bolite,  the  south-eastern  in  fine-gained  greenstone.  A  N.-S.  shear 
zone,  dipping  to  the  west  at  about  55°,  occupies  the  junction  of  the 
two  rocks;  near  its  northern  end  this  joins  a  N.W.-S.E.  striking 
formation,  which  occurs  in  the  fme-grained  greenstone.  It  is  un- 
certain whether  this  latter  formation  belongs  to  the  lode  forma- 
tions, or  is  merely  another  shear  zone;  in  any  case  it  does  not 
appear  to  carry  payable  values. 

There  are  several  comparatively  shallow  shafts  on  tlie  ground, 
some  on  cross  quartz  A^eins  in  the  amphibolite.  The  veins  in  this 
lease  are  mostly  small,  and  the  unoxidised  rock  not  being  far  from 
the  surface  in  the  southern  portion  of  the  amphibolite  area,  they 
are  not  always  payable.  From  a  shaft  put  down  by  the  Hannan's 
Proprietary  Co.  in  the  southern  portion  of  the  lease,  long  crosscuts 
were  put  in  to  the  north-east  and  south-west  at  the  75ft.  level,  tlie 
latter  crosscut  cutting  the  N.-S.  shear  zone,  on  which  a  little  driving 
was  done  without  payable  results. 

With  the  exception  of  a  few  cross  quartz  veins  no  payable 
formation  is  likely  to  be  found  on  this  lease. 

Returns  are  as  follows: — 


Name  and  Number  of  Lease. 


Ore  treated. 


Gokl 
therefrom. 


Rate  per  ton. 


4295  k,  Lady  Wallace 
4150k,  Found  at  last 
412()K,  Cardigan 

Totals    .  . 


tons. 
114- 00 


47  •  00 
161  00 


lino  ()'/,s. 
()-4l 
9 -51=' 
!)()7 

25  59 


fine  oz? 
0  00 

0-21 

0  16 


*  ■Dollied  and  specimens. 

i)K\()\  Co.xsoLs  C.M.L.  i:);)'jK  (\()i(l(Ml)  {  Kig.  .'{(i).  The  gi'ound 
coNcrcd  by  this  lease  was  proNionsly  (LM.lv.  .'WSOk.  and,  prior  to 
that,  (J.M.L.  .'WIIk  oI'  the  s;nne  name;  i(  wns  (irsi  held  as  (^.I\I.L. 
17;nK,  ML  Charlotte  Lnsl.  It  lies  to  the  sonth  of  the  I'nion  Club 
G.M.L.  42S9i':.  The  Transcoiitineiilal  h'aihvay  line  now  rnns  liirougli 
the  ground,  whicli  is  almost  entirely  in  dolerite  greenstone;  the 
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long-  line  of  jasj^er  mentioned  in  the  description  of  those  rocks  runs 
right  through  the  lease,  and  on  the  east  side  of  this,  in  tliat  i^ortion 
of  the  gTound  south  of  the  Transcontinental  Railway,  is  the  north- 


erly extension  of  the  long  line  of  fuchsite-carbonate-quartz  rock 
wliich  starts  south  of  the  Hidden  Secret.    In  the  Devon  Consols 
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this  belt  of  fuchsite  rock  is  ill-defined.  A  laterite-capped  hiM  oc- 
cupies the  south-eastern  corner  of  the  lease. 

There  appears  to  be  no  defined  lode  formation  on  this  lease, 
but  the  workings  disclose  a  number  of  cross  quartz  veins,  which  cut 
into  the  jasper  for  a  few  feet.  Some  veins  are  very  flat,  and  are 
bunchy  and  irregular  near  the  jasper.  There  is  said  to  have  been 
a  good  deal  of  coarse  gold  at  their  junction  w^itli  the  latter,  and  they 
are  probably  responsible  for  the  gold  obtained  from  the  oxidised 
country  in  its  vicinity. 

The  main  shaft  is  situated  about  400  feet  south-east  of  the 
north-west  corner.  I  was  unable  to  ascertain  its  total  depth.  The 
hanging  wall  of  the  jasper  has  been  driven  on  for  over  1,100  feet 
at  the  149ft.  level,  and  over  800  feet  at  the  237ft.  level.  A  fair 
amount  of  work  has  also  been  done  in  the  southern  portion  of  the 
lease  at  the  100ft.  level,  which  is  connected  by  an  incline  rise  with  a 
shaft  41  feet  in  vertical  depth,  and  rather  more  than  400  feet  north 
of  the  south-west  corner.  At  the  149ft.  level  the  jasper  is  mainly 
composed  of  a  varying  width  of  pale  yellowish-grey  slaty  laminae, 
on  the  eastern  side  of  which  are  a  number  of  large  irregular  brown 
flinty  quartz  lenses.  Near  the  southern  end  of  the  237ft.  drive  the 
sulphide  zone  is  met  with  and  the  jasper  is  replaced  by  graphitic 
schist. 

The  following  are  returns  as  supplied  by  the  Mines  Department 
Statist : — 


Name  and  Number  of  Lease. 


Ore  treated. 


Gold 
therefrom. 


Rate  per  tou. 


3880E,    4146E,    Devon  Consols 
Leases 


tons. 
26,777-00 


fine  ozs. 
11,686-92* 


fine  ozs. 
0-44 


*  Includes  36-73  fine  ozs.  dollied  and  specimens. 

Sons  of  Gwalia  G.M.L.  3771e  (voided).  The  ground  covered 
by  this  lease  adjoins  the  southern  boundary  of  the  Devon  Consols. 
At  one  period  it,  together  with  G.M.Ls.  79Gi<:  and  1228e,  was  held 
as  one  of  the  Bonnie  Lass  leases.  At  an  earlier  date  it  was  taken  up 
as  G.M.L.  1623E,  Reefer's  Trident. 

Tlie  western  i)()rti()n  of  the  ground  is  in  dolerite  greenstone,  the 
eastern  in  talc-chlorite-carbonate  rock,  while  the  middle  is  occu])ied 
by  lli(!  southerly  cont iniuiticm  of  tlie  Devon  Consols  line  of  jasper, 
with  fiH'lisile-carb()nat('-(]nartz  rock  to  the  east  of  the  latter. 

'Tlierc  are  a  iiiniil)er  of  slial'ts  on  tlie  ground,  but  only  one— 
120  feet  north  from  the  middle  of  the  southern  boundary  and  about 
20  feet  west  of  the  jasper— was  accessible  at  the  time  of  my  visit; 
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this  shaft  has  a  total  depth  of  99  feet  from  the  surface,  and  there 
were  levels  at  depths  of  28,  73,  and  99  feet ;  in  the  north  drive  at  the 
latter  level  was  a  w^nze  in  sheared  oxidised  rock  to  the  west  of  the 
jasper;  this  winze  reached  a  depth  of  127  feet  from  the  surface; 
from  the  bottom  of  this  winze  a  small  drive  and  crosscut  led  to  the 
west  wall  of  the  jasper,  on  which  was  another  winze,  to  a  depth  of 
171  feet  from  the  surface.  The  jasper  was  cut  in  the  east  crosscut 
at  the  99ft.  level,  and  was  33  feet  wide  here,  the  western  20  feet 
consisting  of  finely  laminated  grey  slaty  bands  of  cryptocrystalline 
quartz  highly  contorted  in  places  (vide  Fig.  7),  the  eastern  13  feet 
of  coarse  lenses  of  dark  grey  flinty  quartz  separated  by  bands  of 
ferruginous  crumbly  and  highly  laminated  matter.  There  are  a 
number  of  steep  northerly-dipping  cross  quartz  veins  on  both  sides 
of  the  jasper,  usually  pinching  before  actually  reaching  it.  At  the 
73ft.  level  a  crosscut  connects  with  a  shaft  170  feet  west  of  the  last, 
and  continues  for  a  further  distance  of  155  feet;  an  ill-defined 
formation  striking  about  N.W.-S.E.  and  dipping  S.W.  at  about 
54  degrees  was  cut  in  this  latter  portion  of  the  crosscut;  it  contains 
a  few  thin  lenses  of  flinty  quartz,  but  does  not  appear  to  have  carried 
values. 

A  good  deal  of  dryblowmg  has  been  done  near  the  eastern 
corner  of  the  lease. 

Returns  for  this  lease  are  given  later  with  those  of  the  other 
Bonnie  Lass  leases. 

Red  White  and  Blue  G.M.L.  1228e  (Fig.  37).  This  lease  lies 
to  the  south  of  the  previously  described  lease,  and  east  of  G.M.L. 
213e. 

With  the  exception  of  a  band  of  albite-porphyrite,  running 
diagonally  through  the  lease — the  south-eastern  branch  from  the 
main  dyke  of  that  rock— the  whole  of  the  lease  appears  to  be  in 
dolerite  greenstone;  the  country  rock  is,  however,  obscured  by  super- 
ficial deposits,  and  none  of  the  workings  appear  to  have  got  below 
the  limits  of  the  oxidised  zone. 

A  lode  formation  occurs  on  the  eastern  wall  of  the  albite-por- 
phyrite, apparently  the  southerly  continuation  of  the  Mystery  line 
of  lode.  The  hanging  wall  of  this  lode  is  fairly  well  defined  and, 
so  far  as  can  be  judged  in  the  oxidised  zone,  is  on  the  junction  of 
the  two  rocks.  Another  shear  zone,  striking  more  north-westerly 
and  cut  in  the  east  crosscut  at  the  96ft.  level,  runs  to  join  the  lode 
on  the  eastern  side  of  the  latter,  and  may  have  had  some  influence 
on  the  distribution  of  values,  as  a  small  but  very  rich  shoot  of  ore 
was  found  near  the  junction  of  the  two.  In  the  stope  near  the  sur- 
face (vide  Fig.  37)  is  a  thin  flat  vein  of  ironstone,  evidently  mark- 
ing another  line  of  shearing;  this  also  runs  into  the  hanging-wall 
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plane,  and  the  country  in  its  vicinity  has  been  impregnated  to  some 
extent.  The  rich  shoot  carried  some  beautiful  specimens  of  sponge 
gold,  and  I  was  informed  by  Mr.  C.  de  J.  Grut,  attorney  for  the 
Hannan's  Reward,  Ltd.,  that  the  oxidised  ore,  which  he  had  per- 
sonally tested,  showed  a  strong  reaction  for  tellurium.  This  is  in 
favour  of  the  permanency  of  the  formation,  and  further  prospecting 
will  in  all  probability  reveal  other  shoots  of  ore. 

Fig.  37 
G.  M.  L.  1228  E 


CROSS    SECTION    THROUGH     MAIN  SHAFT. 
O  60' 


Showing  lode  FormaJion -Lai"  junction  oPaJb.fe-porphynre  OaP^^'^/iT'/j-et/^and  dolarite- 
OAc,  (oxic/rsed)      Ore  cSoof  I  . 


The  main  shaft  from  which  the  ore-body  is  worked  is  situated 
on  the  eastern  side  of  the  Kanowna  Road,  and  is  144  feet  in  depth. 
A  good  deal  of  work  lias  been  done  at  the  96f(.  level,  and  there  is 
a  short  crosscut  and  a  north  drive  on  the  lode  at  the  144ft.  I'n^el. 
There  are  numerous  other  shafts  on  (lie  lease,  but  none  were  acsos- 
sible  at  the  time  of  my  visit. 

A  number  of  cross  (nuirl/  veins  west  of  the  main  jasper  have 
been  worked  near  the  eastern  Ijoundary  of  the  lease.  MosI  of  the 
surface  has  been  dryblown. 


no 


BoxNiE  Lass  G.M.L.  796e. 

This  lease  lies  to  the  southwest  of  and  adjoining  G.M.L.  1228e^ 
and  also  adjoins  the  eastern  boundaries  of  G.M.Ls.  4529e  and  211e. 

In  the  northern  portion  of  the  lease,  none  of  the  workings  ap- 
pear to  have  gone  below  the  limit  of  oxidation  and  the  exact  nature 
of  the  country  rock  is  doubtful,  but  it  is  most  probably  quartz-dol- 
erite  greenstone.  A  band  of  talc-mesitite  rock  occupies  part  of  the 
south-western  portion,  being  exposed  on  the  dump  of  an  inaccessible 
shaft  280  feet  north-east  of  the  south  corner  of  the  lease  and  said 
to  be  249  feet  in  depth.  To  the  south-west  of  the  talc-mesitite  rock 
is  the  continuation  of  the  band  of  fuchsite-carbonate-quartz  rock 
met  with  in  the  eastern  workings  from  the  "Charlotte"  main  shaft. 
In  this  fuchsite  rock  is  a  dyke  of  albite-porphyrite  and  a  wide  band 
of  graphitic  schist;  these  are  exposed  in  the  workings  from  a  shaft 
near  the  western  boundary  and  170  feet  north  of  the  south  corner. 
The  prominent  laterite-capped  hill  mentioned  in  the  description  of 
G.M.L.  4529e  extends  across  the  northern  end  of  this  lease.  Four 
shafts  have  been  sunk  through  it,  one,  now  inaccessible,  to  a  depth 
of  162  feet,  another,  which  I  was  able  to  examine,  to  a  depth  of  107 
feet.  From  the  last-mentioned  shaft  levels  have  been  driven  at 
depths  of  28,  48,  69  and  107  feet;  a  great  number  of  cross  quartz 
veins  usually  dipping  steeply  to  the  north,  and  only  a  few  feet  apart, 
have  been  worked  from  these  levels  (vide  Fig.  18).  In  many  in- 
stances they  seemed  to  be  vein  systems  rather  than  simple  veins.  On 
the  walls  of  some  of  these  veins  was  a  little  green,  probably  chrom- 
iferous  puggy  material,  and  a  thin  fuchsitic  seam  was  observed  at 
the  southern  end  of  the  south  drive  at  the  69ft.  level.  At  the  107ft. 
level,  a  long  croscut  east  connects  with  the  west  crosscut  from  a 
shaft  112  feet  deep  just  inside  G.M.L.  1228e.  At  the  junction  of 
the  two  crosscuts  is  a  winze  to  a  depth  of  184  feet  from  the  surface. 
About  40  feet  from  the  shaft  on  G.M.L.  1228e  the  country  changes 
and  becomes  paler  and  numerous  "soapy  heads"  are  present.  Owing 
to  the  decomposed  state  of  this  rock  it  is  impossible  to  determine  its 
origin.  It  may  have  been  either  highly  sheared  and  altered  green- 
stone, or  albite-porphyrite. 

From  the  previously  mentioned  shaft  on  the  jasper  near  the 
south  corner  of  the  lease,  levels  have  been  put  in  at  depths  of  35  and 
203  feet.  The  east  crosscut  at  the  former  level  cuts  the  albite-por- 
phyrite dyke;  towards  the  eastern  end  of  the  crosscut  this  dyke  is 
more  sheared  and  contains  numerous  greenish  inclusions.  The  jasper 
is  best  seen  at  the  203ft.  level,  where  it  consists  mainly  of  grey  slaty 
laminae,  but  ferruginous  in  places;  it  appears  to  be  more  graphitic 
near  the  western  wall.  A  winze  from  this  level  reaches  a  total  depth 
of  263  feet  from  the  surface — this  was  inaccessible. 

There  is  a  10-head  battery  and  a  cyanide  plant  on  this  lease. 


Returns  for  the  Bonnie  Lass  leases  are  as  follows: — 


Name  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

796e,  1228e,  Bonnie  Lass  Leases 
796e,  1228e,  3771e,  Bonnie  Lass 
Leases 

796e,  1228e,  Hannan  s  Reward  N. 

G.M.  Co.,  N.L. 
1228E,  Red  White  and  Blue 
377  1e,  Sons  of  Gwaha 

tons. 
6,011  00 
11,307-65 

334-00 

130-00 
1,428-00 

fine  ozs. 

6,105-91* 

6,461-52 

264-21* 

25-56 
844- 54 

fine  ozs. 
101 
0-57 

0-79 

0-20 
0-59 

Totals  

19,210  65 

13,701  74* 

0  71 

*  Includes  Dollied  and  specimens. 


Hannan^s  Reward  North  G.M.L.  4528e. 

This  lease  adjoins  the  southern  boundary  of  G.M.L.  1228e  and 
the  eastern  boundary  of  G.M.L.  796e^  and  like  them,  is  held  by  Mr. 
Raven.  The  ground  was  formerly  part  of  G.M.Ls.  44rJ:0E  Battler, 
and  4057e  Criterion;  G.M.L.  4440e  was  formerly  held  as  G.M.L. 
4115e  Sarnian,  and  prior  to  that  formed  part  of  G.M.L.  3964e  Bel- 
gravia,  and  at  an  earlier  date  G.M.L.  2688e  Hannan's  Hill  Extended. 
G.M.L.  4528e  also  includes  a  small  portion  of  former  G.M.L.  4438e 
Battler  East,  formerly  G.M.Ls.  4386e  A.L,  4113e  Hidden  Fortune, 
and  4043e  Orkedon. 

The  continuation  of  the  albite-porphyrite  branch  which  runs 
through  the  Red  White  and  Blue  appears  to  run  through  this  lease, 
the  rest  of  which  is  in  dolerite-greenstone.  Crossing  the  southern 
boundary  is  tlie  northerly  extension  of  the  prominent  jasper  body 
which  runs  through  the  Lady  Elizabeth. 

There  were  only  three  shafts  on  the  ground  at  the  time  of  my 
visit,  all  being  inaccessible.  On  the  dump  of  one  near  the  eastern 
boundary,  grapliitic  scliist  was  much  in  evidence;  the  workings 
from  tiiis  shaft— said  to  be  150ft.  deep — were  inaccessible,  but  a 
crosscut  is  said  to  have  been  put  in  to  the  north-west,  in  which 
values  were  <)})laincd.  As  tlie  Red  White  and  Blue  albite-porphyrite 
dyke  api)arenlly  runs  tlirough  this  lease,  it  is  i)robable  that  tlie  lode 
on  the  eastern  side  of  the  dyke  also  runs  into  this  ground,  and  the 
values  from  the  above-mentioned  crosscut  may  be  from  tlie  vicinity 
of  this  lode  which  slionld  be  worth  jjrospect ing.  A  crosscut  west 
from  this  shaft  would  iirobably  cut  the  lode  at  roughly  140  I'eet 
west  of  the  shaft. 
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There  are  no  returns  for  this  ground,  but  those  for  former 
leases  covering  the  voided  area  to  the  south-east  are  given  below : — 


Name  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

4438E,  Battler  East 

41  13e,  Hidden  Fortune  .. 

tons. 
44- 00 
10- 00 

fine  ozs. 
3-70 
3-80 

fine  ozs. 
0-09 
0-38 

Totals  

54- 00 

7-50 

0  14 

Hidden  Secret  North  G.M.L.  4035e. 

This  is  the  northernmost  of  the  Hidden  Secret  leases;  it  lies  to 
the  south  of  the  former  Battler  East,  and  to  the  east  of  the  Lady 
Elizabeth,  but  is  separated  from  the  latter  by  a  narrow  strip  of 
^acant  ground.  The  ground  Avas  formerly  the  southern  portion  of 
G.M.L.  254e  Holdings'  lease. 

The  western  portion  of  the  lease  is  in  dolerite-greenstone,  the 
eastern  in  actinolite-zoisiie  ampliibolite,  but  in  places  in  the  area 
occupied  by  the  former,  intermediate  stages  between  the  two  rocks 
are  found ;  for  instance,  on  the  dump  of  a  shaft  half  way  along 
the  south-western  boundary.  A  number  of  thick  N.E.-S.W.  striking 
jasper  lenses  are  a  prominent  feature  in  the  north-western  portion 
of  the  lease. 

Besides  the  shaft  on  the  south-western  boundary,  tliore  .'ire 
three  other  shafts  on  the  ground;  the  northern  two  are  connected 
by  a  long  crosscut  at  the  75ft.  level  (in  oxidised  rock)  the  greater 
portion  of  this  crosscut  runs  through  the  above  rrjentioned  jasper, 
which  is  somewhat  contorted  and  shows  numerous  small  fault  and 
joint  planes;  south-east  of  the  jasper  the  country  is  jointed,  and 
shows  bleaching  in  places.  From  the  northernmost  shaft,  which  is 
140  feet  deep,  drives  run  north  and  south  at  ihe  75ft.  level  v)n  a 
somewhat  ill-defined  formation  with  some  lenses  of  flinty  quartz; 
this  formation  is  apparently  on  much  the  same  line  as  the  main 
Hidden  Secret  lode,  but  it  is  evidently  unpayable. 

Much  of  the  surface  has  been  dryblown. 

Hidden  Secret  G.M.L.  4001  e  (Eig.  38).  This  lease  adjoins  the 
south-eastern  boundary  of  the  Hidden  Secret  North,  and  was  form- 
erly part  of  G.M.L.  1034e,  Hidden  Treasure  South,  of  the  Hannan's 
Proprietary  Development  Co.,  Ltd. 

The  western  and  larger  part  of  the  lease  is  in  dolerite  green- 
stone, the  eastern  in  talc-chlorite-carbonate  rock.  A  band  of  fuch- 
site-carbonite-quartz  rock,  with  a  westerly  dip  of  about  59  degrees, 
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runs  through  the  eastern  portion  of  the  lease  at  the  surface;  at  the 
19Sft.  level,  where  it  has  been  driven  on  for  some  distance,  it  is 
about  in  the  middle  of  the  lease,  and  it  cuts  across  the  main  shaft 
at  a  depth  of  3G0  feet  from  the  surface  to  join  the  main  lode,  which 
dips  more  steeply,  just  about  the  404ft.  level  {vide  Fig.  15). 


The  mjiiri  shaft  is  situated  about  2})0  feet  noi'tii  of  the  southern 
coi'nci-  of  Ihc  lease;   il  is  430  feet  in  dei)lli,  aud  levels  have  been  put 
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in  at  depths  of  89,  198,  304,  and  404  feet,  while  there  are  several 
intermediate  levels  on  the  lode  in  different  parts  of  the  mine,  con- 
nected by  winzes  or  rises  with  the  main  levels. 

The  main  lode  runs  through  the  middle  of  the  lease  at  the  sur- 
face; north  of  the  main  shaft  it  splits  into  two  branches  which 
diverge  at  an  angle  of,  roughly,  16  degrees;  the  junction  iictween 
them  appears  to  be  nearly  vertical,  but  pitches  to  the  south  between 
the  surface  and  the  89ft.  level.  The  rich  shoot  or  "pipe"  of  tel- 
luride  ore  appears  to  have  been  closely  connected  with  tlie  junction 
of  the  two  branches.  This  shoot  has  now  been  stoped  out,  and  it 
is  almost  impossible  to  form  any  idea  as  to  the  shear  lines  which 
controlled  the  ore  deposition,  but  it  certainly  occurred  very  close  to, 
if  not  actually  at,  the  junction  of  these  branches.  Its  approximate 
position  is  shown  on  the  longitudinal  section  (Plate  VII.).  The 
shoot  was  said  to  start  at  about  35  feet  from  the  surface,  lengthen- 
ing out  suddenly  above  the  89ft.  level  to  about  15  feet  between  the 
89ft.  and  198ft.  levels,  the  pitch  Avas  nearly  vertical,  and  the 
length  apparently  fairly  constant ;  at  between  30  and  40  feet  below 
that  level  it  lengthened  to  between  30  and  40  feet,  according  to  Mr. 
Gianini,  shortening  again  suddenly  and  apparently  pincliing  just 
above  the  304ft.  level ;  good  values  were  obtained  at  that  level  below 
the  shoot  and  in  the  winze  between  the  304ft.  and  404ft.  levels,  and 
in  the  winze  to  436  feet,  near  the  southern  end  of  tlie  drive  at  404 
feet,  good  values  were  also  obtained.  At  tlie  time  of  my  visit  work 
was  being  carried  on  at  the  southern  end  of  the  drive  at  404  feet. 

The  general  structure  and  mineral  com])osition  of  the  lode  were 
described  in  that  portion  of  the  re])ort  dealing  with  the  ore  deposits, 
and  nothing  further  need  be  said  here. 

Other  fairly  rich  shoots  of  ore  have  been  worked  in  the  upper 
levels,  principally  above  the  S9ft.  level  and  on  the  eastern  branch 
of  the  lode  north  of  the  main  shaft,  as  may  be  seen  on  the  longi- 
tudinal section;  these  appear  to  be  of  the  usual  roughly  lenticular 
shape  characteristic  of  the  Kalgoorlie  lodes. 

Although  rich  shoots  of  telluride  ore  such  as  that  of  this  mine 
occur  under  special  conditions — depending  largely  upon  the  junc- 
tion of  two  or  more  shear  planes — and  it  cannot  be  expected  that 
others  equally  rich  will  be  found  except  under  similar  conditions, 
there  seems  to  be  no  reason  why  other  shoots  of  payable  ore 
should  not  be  found  on  this  mine  by  further  prospecting;  in 
the  search  for  these,  the  shear  i)lanes  that  have  acted  as  "indicators" 
for  the  previously  worked  shoot  should  be  carefully  watched. 

The  plant  consists  of  a  5-head  stamp  battery  and  one  No.  4 
Krupi)  ball  mill,  together  with  one  Wilfley  table  and  four  cyauiding 
vats. 
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Hidden  Secret  South  G.M.L.  4036e.  This  lease  adjoins  the 
south-eastern  boundary  of  G.M.L.  4001e^  and,  like  it,  was  formerly 
held  as  part  of  tlie  Hidden  Treasure  South  G.M.L.  1034e.  As  with 
the  preceding  lease,  the  western  half  of  the  ground  is  in  dolerite 
greenstone,  the  eastern  half  in  talc-chlorite-earbonate  rock.  The 
band  of  fuchsite  rock  appears  to  run  through  the  middle  of  the 
lease,  but  is  nowhere  exposed,  and  its  exact  position  is  uncertain. 

The  main  line  of  lode  worked  on  this  lease  appears  to  run, 
roughly,  from  40  to  70  feet  to  the  west  of  that  of  the  previously 
described  lease,  unless  it  should  prove  to  be  the  same  lode  faulted 
to  the  west  going  south;  the  two,  however,  probably  represent  two 
distinct  lines  of  shearing  along  a  main  zone.  The  main  line  of  this 
lease  is  also  found  to  split,  in  this  case  at  its  southern  end. 

The  main  shaft  on  this  lease  (B  shaft)  is  situated  about  240 
feet  west  of  north  from  the  southern  corner,  and  is  153  feet  in 
depth,  levels  being  driven  at  depths  of  53,  99,  and  153  feet,  all  in 
oxidised  rock,  with  the  exception  of  the  extreme  north  end  of  the 
drive  at  the  last  level;  sulphides  were  met  in  two  winzes  below  this 
level.  The  general  shape  of  the  ore-shoot  may  be  gathered  from  the 
longitudinal  section  (Plate  VII.).  The  workings  being  practically 
all  in  oxidised  rock,  no  description  of  the  lode  below  the  limit  of 
oxidation  can  be  given,  but  it  probably  closely  resembles  that  of 
G.M.L.  4001E. 

A  good  deal  of  work  was  done  by  the  owners  of  the  Hidden 
Secret  leases  further  south  on  the  same  line  of  lode,  from  the 
"Federal"  shaft  now  within  G.M.L.  4501e.  Secret  Extended,  and 
]irior  to  that  G.M.L.  4107e,  Hidden  Secret  West,  and  G.M.L.  1099e, 
Central;  Thornett  Bros,  also  worked  a  shoot  on  this  lode  to  the 
north  of  the  Federal  shaft,  from  a  shaft  near  tlie  western  corner  of 
G.M.L.  4051 A.W.A.  United.  All  these  workings  are  shown  on 
tlie  longitudinal  section.  At  the  155 ft.  level  from  the  Federal  shaft 
tlie  nrioxidised  i-ock  has  been  penetraied,  the  conniry  in  llie  vicinity 
of  tlie  lode  is  highly  sheared  and  carbonaled.  and  I  here  are  some 
large  irregular  lenses  of  quartz  in  the  lode. 

As  no  other  work  lias  been  done  on  G.M.L.  4501k  oilier  llian 
llial  from  I  lie  Federal  shaft,  no  sjiecial  description  of  it  need  be 
given — it  is  entirely  in  dolerite  greenstone  and  covers  a  large  por- 
tion of  the  townsite  of  Williaiiistown  on  which  practically  no 
prospecting  has  been  done,  and  within  which  it  is  by  no  means  iin- 
|)robal)le  that  payable  lodes  may  yet  ])e  f'onnd. 
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Returns  for  the  Hidden  Secret  leases  are  given  below,  also 
those  for  the  Hidden  Secret  West, 


Name  and  Number  of  Lease. 


Ore  treated. 


Gold 
therefrom. 


Rate  per  ton. 


4035E,  4001E,  4036E,  Hidden  Secret 
Leases 

4107E,  Hidden  Secret  West 

Totals  


tons. 
10,643-95 


561 • 00 


11,204  95 


fine  ozs. 
15,384-83* 

68  04 


15,452-87 


fine  ozs. 
1-45 

-12 


1-38 


*  Includes  105-65  fine  ozs.  dollied  and  specimens,  and  in  addition  43,383-29 
fine  ozs.  of  silver  were  extracted. 


Great  Secret  G.M.L.  4450e  (voided).  This  lease  was  situated 
to  the  south-east  of  and  adjoining  the  Secret  Extended.  The 
ground  was  previously  held  as  two  leases,  the  northern  being  G.M.L. 
4124e^  Great  Secret,  and  the  southern  G.M.L.  4281e,  Mt.  Ferrum 
West — the  latter  being  included  in  the  A.W.A.  United  leases.  Prior 
to  that  the  southern  portion  was  G.M.L.  IIIIe^  Phsx-nix,  which,  to- 
gether with  G.M.L,  llOlE^  was  held  by  the  Brown  Hill  Junction 
G.M.  Co.,  N.L,  The  northern  portion  of  the  ground  is  in  quartz- 
dolerite  greenstone,  the  southern  in  fine-grained  greenstone. 

The  southern  end  of  the  long  line  of  formation  which  follows 
the  junction  of  the  Older  and  Younger  Greenstones  so  closely  runs 
through  this  ground;  it  has  been  cut  in  a  small  shaft  56  feet  in 
depth  and  about  360  feet  west  of  the  east  corner.  In  this  shaft  this 
formation  in  places  presents  the  appearance  of  a  s]->otted  tourma- 
line-quartz-breccia mentioned  in  the  description  of  the  formation 
in  that  part  of  the  report  dealing  with  the  Ore-deposits.  Near  the 
eastern  corner  of  the  lease  is  another  line  of  formation,  striking 
X.W.-S.E.  and  r^mning  towards  the  first-mentioned  formation, 
which  it  sliould  meet  at  approximately  210  feet  N.N.W.  of  the  south 
corner  of  the  former  A.W.A.  lease;  as  fair  patches  have  been  ob- 
tained from  similar  junctions  along  the  thin  contact  formation,  this 
point  is  worth  prospecting.  Some  work  was  being  done  by  Messrs. 
Barrass  and  Hamilton  on  the  N.W.-S.E. -striking  lode  from  a  40ft. 
shaft  about  110  feet  east  of  the  east  corner  of  the  ground,  but  values 
were  said  to  be  generally  poor,  200  feet  west  of  the  same  corner  a 
shaft  103  feet  in  depth  cut  an  E.-W.-striking  formation  dipping  to 
the  north  at  varying  angles,  but  usually  fairly  shallow;  this  may 
be  a  fault  line  or  a  cross  formation  joining  the  two  lode  formations; 
it  does  not  appear  to  fault  the  N.W.-S.E.  lode  so  far  as  could  be 
seen. 
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Keturns  for  G.M.Ls.  4281e  and  IIIIe  are  included  in  those  for 
the  A.W.A.  United  and  Brown  Hill  Junction  leases;  those  for 
G.M.L.  4124e  are  siven  below : — 


Name  and  Number  of  Lease. 


Ore  treated. 


Gold 
therefrom. 


Rate  per  ton. 


4124E,  Great  Secret 


fine  ozs. 
281  19* 


fine  ozs. 
0-97 


*  Includes  201-53  fine  ozs.  dolUed  and  specimens. 


Mt.  Ferrum  West  Extended  G.M.L.  4371e  (voided). 

This  lease  adjoined  the  south-western  boundary  of  the  pre- 
ceding lease.  It  was  formerly  G.M.L.  4114e^  Secret  South,  and 
prior  to  that  portion  of  G.M.L.  1026e^  Kalgurli,  of  the  Ilannans 
Proprietary  Co. 

Witli  the  excepiion  of  the  Avesternraost  portion,  in  quartz- 
dolerite  aniphibolite,  the  whole  oi  the  ground  is  fine-grained  green- 
stone. The  southern  end  of  the  Williamstown  albite-porpliyrile 
dyke  crosses  the  north-west  boundary  of  the  lease  with  a  jasperoid 
formation  on  its  eastern  wall. 

'There  were  only  four  shafts  on  the  ground,  all  inaccessible; 
on  the  dump  of  the  northernmost  was  a  fairly  coarse-grained 
highly-sheared  rock,  now  a  cliloritic  schist,  with  paler  spots,  now 
made  up  of  an  obscure  mosaic;  the  rock  is  probably  an  exception- 
ally coarse  variety  of  the  fine-grained  greenstones. 

On  the  dump  of  the  easternmost  shaft  were  fragments  of  a 
white  cellular  rock  showing  a  number  of  fine,  black  tourmaline 
needles;  a  little  sericite  was  also  present.  This  may  represent  a 
formation  similar  to  the  N.-S.  line  on  G.M.L.  4450e. 

There  are  no  returns  for  this  ground. 


Brown II ILL  Consols  No.  2  G.M.L.  4:^')()k  (voided). 

The  ground  covered  by  this  lease  adjoins  the  south-eastern 
boundary  of  the  ])receding  lease.  It  was  formerly  held  as  G.M.L. 
4119e^  Montezuma,  and  ]mor  to  tlinl  was  also  part  of  G.M.L.  102fiK. 

It  is  entirely  in  fine-grained  gTeenslone.  bu(  Mr.  Cami)beirs 
inap  shows  a  narrow  dyke  of  "felsite"— luooaDly  albile-por))hyrile 
— jis  occiii-ring  in  Ihe  east  ci-oss-cul  rroiii  a  slial't  (No.  1).  'AM)  feet 
south  of  tlie  north  corn(M'.  ("ross-culs  luive  also  been  in  from 
the  No.  2  shaft  near  tlie  south-west  boundary.  None  of  these 
woi-kirigs  were  accessible. 

i\ pj)arei)lly  no  values  were  oblaincd  in  Ihe  ci'ossciils,  and  Ihei-c 
are  no  i-cilurns  Tor  I  no  ground. 
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WiLLTAMSTOwx  G.M.L.  4499e  (Fig.  39). 

This  lease  lies  to  the  south-east  of  former  G.M.L.  44oOe^  and 
to  the  north-east  of  the  previously  described  lease,  and,  like  it,  is 
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entirely  in  fine-grained  greenstones.  The  gTound  was  formerly  held 
as  G.M.L.  4302e^  Manna j one,  and  a.t  an  earlier  date  as  G.M.L.  860e, 
Brown  Bill  Consols  North. 

At  the  time  of  my  visit  the  holders,  Messrs.  Sassella  Bros., 
were  working  the  same  line  of  lode  as  Messrs.  Barrass  and  Hamil- 
ton further  to  the  north  from  a  shaft  about  415  feet  south  of  the 
north  corner  of  the  lease,  with  a  vertical  depth  of  145  feet;  levels 
had  been  driven  at  depths  of  42,  78,  101,  and  140  feet,  all  in  oxidised 
rock.  The  lode  was  being  worked  at  the  bottom  level;  it  was  a  nar- 
row body,  fairly  well  defined  in  places,  poorly  defined  in  others, 
carrying  a  few  irregular  lenses  of  quartz,  with  some  ferruginous 
and  manganiferous  matter;  the  values  were  patchy,  but  generally 
poor.  I>om  a  shaft  near  the  north  corner  of  the  lease  some  work 
had  been  done  on  a  parallel  line  about  60  feet  further  west,  and  of 
a  similar  character,  but  more  poorly  defined,  and  said  to  be  worth 
from  nil  to  Tdwts  per  ton.  Associated  with  both  formations  were 
a  number  of  cross  quartz  \eins  dipping  to  the  north  at  from  about 
45  to  60  degreeS;  and  apparently  carrying  some  manganese. 

Returns  are  as  follows: — • 


Name  and  Number  of  Lease. 

Ore  treated. 

Cokl              jy    ^  4. 

therefrom.    ,  ^^^te  per  ton. 

4499 E,  William.stown 

tons. 
1,321-23 

fine  ozs. 
370-08 

fine  ozs. 
0-28 

North  End  Extended  G.M.L.  4485e. 

This  lease  is  situated  south  of  and  adjoining  the  Kanowna 
Road,  slightly  to  the  east  of  the  Devon  Consols  and  Sons  of  Gwalia. 
It  was  formerly  part  of  G.M.Ls.  4046e^  Hannan's  Hope,  4369e, 
Colleen  Bawn  South,  and  4157e  (formerly  4047e),  Hannan's  Hope 
Extended,  the  northern  jiorlion  at  an  earlier  date  forming  parts  of 
G.M.Ls.  3805E,  Brown  Hill  Consols  No.  2,  prior  to  that  G.M.L. 
]26Se^  Brown  Hill  Consols  North,  while  the  southern  portion  was 
part  of  G.M.L.  11  87k,  Outridge. 

Tlie  south-western  portion  of  the  lease  is  mainly  in  hornblendite, 
tile  north-eastern  in  fine-grained  ampliil)olite.  The  northerly  ex- 
l(;rision  of  the  Westralia  United  lode  runs,  rouglily,  along  the  nortli- 
eas'ein  boundary  at  tlie  surface.  It  ai)pears  to  be  surrounded  by 
a  narrow  strip  of  fine-grained  greenstone.  Tlie  ,jas})er — previously 
mentioned  in  the  descrii)tion  of  those  rocks  as  running  towards 
this  lode — runs  through  the  southern  portion  of  the  lease,  where  it 
dips  to  the  south-west  at  about  74  degrees,  apparently  marking  the 
boundary  l)etween  the  Older  and  Younger  Greenstones. 
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Some  work  has  been  done  on  the  lode  from  a  shaft,  77  feet 
deep,  near  the  eastern  corner  of  the  lease,  the  lode  having  been 
driven  on  at  the  48  and  77ft.  levels,  and  stoped  to  some  extent  be- 
tween them  and  the  surface. 

There  are  several  other  shafts  on  the  lease,  the  workings  of 
which  were  inaccessible;  much  of  the  surface  has  been  dry-blown, 
particularly  along  a  well-defined  watercourse  running  across  the 
southern  portion  of  the  lease.  As  the  lode  in  the  Westralia  United 
has  \ielded  very  good  shoots  from  time  to  time,  its  northerly  ex- 
tension will,  doubtless,  bear  further  prospecting. 

Returns  are  as  follows: — • 


Name  and  Nujiiber  of  Lease. 

Ore  treated. 

Gokl 

Rate  per  ton. 

therefrom . 

tons. 

fine  ozs. 

fine  ozs. 

4485E,  North  End  Extended     .  . 

28114 

86  - 30 

0-31 

4046E,  Hannan's  Hope 

15- 00 

1-24 

0-08 

4157E,  Hannan's  Hope  Extended  . . 

2-62* 

Totals  

296  14 

90  16 

0  30 

*  Dollied  and  Specimens. 


LucKKOW  G.M.L.  4464e.  This  lease  adjoins  the  eastern  boun- 
dary of  G.M.L.  1228E,  Red  White  and  Blue,  and  was  formerly 
G.M.L.  4006e^  Hannans  Oversight,  and  at  an  earlier  date  part  of 
G.M.L.  3776e^  Kalgoorlie  Mount  Morgan,  and  jirior  to  that  part  of 
G.M.L.  1094E,  Austral. 

The  lease  is  almost  entirely  in  talc-chlorite  rock,  while  the 
main  line  of  jasper  running  south  from  (I.MAj.  3771e  runs  along 
the  eastern  boundary;  east  of  this  is  tlie  main  belt  of  fuchsite  rock. 
Another  smaller  jasper  runs  through  tlie  latter  in  the  southern  por- 
tion of  the  lease.  A  small  hill  at  the  soutliern  end  of  the  ground  is 
ca})ped  by  dense  laterite. 

A  long  watercourse  runs  from  G.M.L.  1228e  through  tliis  lease 
and  thence  through  the  Westralia  T"^nited  leases;  a  good  deal  of 
dryhlowing  lias  been  done  in  its  vicinity.  Near  the  northern  end 
of  the  lease  and  close  to  the  western  boundary  is  a  shaft  144  feet 
in  depth,  on  the  jasper,  from  wliicli  levels  have  been  put  in  at 
depths  of  51,  99,  and  144  feet  (vide  Fig.  6).  In  these  workings  there 
are  several  smaller  lenses  of  jasper  close  to  and  west  of  the  main 
line;  the  latter  dips  to  the  east — ^its  laminae  are  a  good  deal  con- 
torted; tlie  usual  series  of  coarse  flinty  lenses  is  found  on  its  east- 
ern side.  Sulphide  rock  is  met  with  only  at  the  end  of  the  west 
crosscut  at  the  144ft.  level;  here  the  rock  is  hard,  })ale  grey  ir; 
colour,  and  highly  carbonated;  it  a])]  ears  to  contain  a  little  fuch- 
site. 
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On  the  top  of  the  hill,  iii  the  laterite,  is  another  shaft,  said  to 
be  200  feet  deep,  at  \vhieh  depth  crosscuts  rim  east  and  west;  from 
the  former  is  a  winze  to  a  total  depth  of  312  feet  from  the  surface ; 
the  east  crosscut  is  in  jasper  between  the  shaft  and  the  winze.  The 
dump  of  this  shaft  is  mainly  composed  of  highly  graphitic  schist. 
200  feet  north-east  of  this  last  shaft  is  another,  said  to  be  100  feet 
in  depth;  it  is  in  fairly  typical  talc-chlorite-carbonate  rock.  There 
are  several  shallow  shafts  on  the  ground  in  the  vicinity  of  the 
laterite,  but  the  northern  portion  of  the  ground  does  not  appear 
to  have  been  very  well  prospected. 


Returns  for  the  Lucknow  are  as  follows:  — 


Name  and  Number  of  Lease.       Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

4464e,  Lucknow 

tons. 
31  00 

fine  ozs. 
3-91 

fine  ozs. 
013 

North  End  Deeps^  4507e.  This  lease  lies  to  the  east  of 
and  adjoining  the  Lucknow.  It  was  formerly  G.M.L.  4312e  Ellen- 
dale,  and  prior  to  that  G.M.L.  4169e  of  the  same  name.  With  the 
Lucknow  it  also  formed  part  of  G.Mi.Ls.  3776e  and  1094e. 

The  lease  is  almost  entirely  in  hornblendite,  the  extreme  east- 
ern portion  being  in  quartz-dolerite  amphibolite. 

There  are  only  three  shafts  on  the  ground — all  inaccessible. 

Most  of  the  ground  at  the  northern  end  has  been  dryblown. 

From  the  amphibolitie  nature  of  the  country  rock,  the  occur- 
rence of  payable  ore-bodies  on  this  lease  can  hardly  be  expected. 

There  are  no  returns  for  this  ground. 

Bonnie  Play  G.M.L.  40SSe.  This  lease  adjoins  tlie  south-east- 
ern boundaries  of  the  Lucknow  and  the  Nortli  End  Deeps,  and  is 
mainly  situated  between  the  Parkestown  and  Bulong  roads,  close  to 
their  junction.  The  lease  was  formerly  part  of  G.M.L.  1030e  Hid- 
den Treasure  Extended. 

A  broad  band  of  dolerite  greenstone  runs  through  the  middle 
of  the  lease,  west  of  that  is  talc-chlorite-carbonate  rock,  wliile  a 
comparatively  narrow  band  of  hornblendite  is  found  near  the  east- 
ern corner;  this  latter  rock  api)arently  ends  close  to  the  north-east 
boundary;  a  narrow  tongue  of  actinolite-zoisile  amphibolite  enters 
the  lease  from  the  south  and  runs  north  as  far  as  the  Bulong  Hoad, 
while  the  western  corner  of  the  ground  is  in  fuchsite-carbonate 
(|U{irtz  rock. 
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There  are  apparently  no  lode-formations  within  this  lease,  but 
a  number  of  cross  veins  of  vitreous,  somewhat  oily-looking'  quartz, 
dipping  to  the  north  at  about  80  degrees,  have  been  worked  at  the 
56ft.  level  from  two  shafts  near  the  north-eastern  boundary. 

Near  the  western  corner  of  the  lease  is  a  shaft  57  feet  deep, 
near  the  eastern  boundary  of  the  fuchsite  rock.  At  the  22ft.  level 
from  this  shaft  there  are  a  number  of  quartz  veins  striking  in  vari- 
ous directions  and  with  a  fair  amount  of  fuchsite  round  them. 
There  are  several  other  shafts  on  the  ground,  but  nothing  of  value 
appears  to  have  been  struck  in  them,  and  apparently  the  only  work- 
able ore-bodies  in  the  lease  are  the  cross  quartz  veins  in  the  band 
of  dolerite  greenstone. 

A  Avatercourse  runs  east  through  the  middle  of  the  lease,  and 
a  good  deal  of  dry-blowing  has  been  done  in  its  vicinity. 

Available  statistics  show  a  total  of  83.61  tons  treated  for  a 
return  of  12.14  fine  ounces— an  average  of  0.15  fine  ounces  per  ton. 

Dar  Kax  G.M.L.  4368e.  This  is  a  small  triangular  lease  ad- 
joining the  south-eastern  boundary  of  the  North  End  Extended  and 
the  northern  boundary  of  the  North  End  Deeps,  and  is  one  of  the 
Westralia  United  Goldfields,  Ltd.,  leases.  It  was  formerly  part  of 
G.M.L.  11S7E  Outridge. 

The  greater  portion  of  the  lease  is  in  hornblendite,  the  north- 
ernmost portion  being  probably  in  quartz-dolerite  amphibolite  and 
fine-grained  greenstone.  The  Westralia  United  lode  runs  across  the 
lease  close  to  the  north  corner. 

There  are  three  shafts  on  the  ground,  two  in  the  vicinity  of  the 

lode. 

Most  of  the  surface  has  been  dry-blown. 

Devon  Consols  South  Extended  G.M.L.  4037e  (Figs.  40  and 
41  and  Plate  VI).  This  lease,  which  adjoins  the  south-eastern  boun- 
dary of  the  Dar  Kan  and  the  north-eastern  boundary  of  the  North 
End  Deeps,  is  the  most  important  of  the  Westralia  United  Gold- 
fields,  Ltd.,  leases.  It  was  formerly  part  of  G.M.Ls.  1187e  Out- 
ridge, 2679e  Hannan's  Hope,  1094e  Austral,  and  1136e  Euclid. 

The  south-western  two-thirds  of  the  lease  are  in  quartz-dolerite 
amphibolite — or  the  corresponding  greenstone,  in  the  vicinity  of 
the  lode — the  remaining  third  in  fine-grained  greenstone.  In  the 
southern  portion  of  the  lease  the  lode  appears  to  follow  the  junc- 
tion of  the  Older  and  Younger  Greenstones,  turning  into  the  former 
in  the  northern  portion  of  the  ground. 

The  main  shaft  is  situated  near  the  middle  of  the  lease,  west  of 
the  outcrop  of  the  lode,  which  it  cuts  at  a  depth  of  190  feet.  Levels 
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liave  been  driven  at  depths  of  70,  160,  231,  and  329  feet,  the  shaft 
itself  being  335  feet  in  depth ;  north  of  tiie  main  shaft  are  several 
intermediate  levels.  As  may  be  seen  on  the  longitudinal  section 
(Plate  VI.),  a  great  deal  of  stoping  has  been  done,  particularly  n. 


llic  upper  h'vels,  vvlicre  sexcral  vvvy  good  shoots  liinc  been  t'oiiiid; 
llie  general  slia|)e  of  tliese  may  hv  gauged  IVom  Hie  section;  v.-ducs 
appear  to  liave  l)een  generally  erratic. 
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The  lode  channel  is  very  wide,  and  there  apiiear  in  the  cross 
section  throuiih  the  main  shaft  to  be  two  main  lines,  apjiarently 


joining  to  the  north  of  the  section,  the  western  branch  carryiiii^'  tlie 
best  values.    At  the  231ft.  level  the  western  branch  seems  to  split 
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going  down.  At  the  lower  levels  values  have  been  generally  dis- 
appointing, only  one  small  lens  of  good  ore  being  found  at  the 
329ft.  level. 

Tlie  general  structure  and  composition  of  the  lode  has  already 
been  discussed  when  dealing  with  the  ore-deposits  in  general. 

As  this  lode  channel  appears  to  be  a  particularly  strong  one, 
there  seems  to  be  no  reason  why  other  shoots  of  good  ore  should 
not  be  found.  It  should  be  mentioned  that  since  this  mine  was  ex- 
amined another  shoot  of  rich  ore  has  been  picked  up  in  the  northern 
workings  by  Messrs.  McPherson  and  Rae,  and  tA\o  parcels,  totalling 
204  tons,  are  said  to  have  given  a  return  of  £1,310  (including  gold 
in  residues),  or  an  average  of  well  over  £6  to  the  ton. 

Euclid  G.M.L.  4054e. 

This  is  another  of  the  Westralia  United  leases;  it  adjoins  the 
south-eastern  boundary  of  G.M.L.  4037e  and  covers  parts  of  former 
G.M.Ls.  1094E  and  1136e. 

This  lease  is  also  partly  in  quartz-dolerite  amphibolite,  partly 
in  fine-grained  greenstone,  the  main  lode  running  along  the  .junc- 
tion of  the  two  rocks. 

The  lode  is  vertical  in  this  lease;  a  small  spur  striking  north 
and  soutli,  on  the  western  side  of  the  lode,  joins  the  latter  about 
85  feet  north  of  the  ^'Euclid"  shaft.  This  shaft  has  a  depth  of  144 
feet  and  connects  with  the  south  drive  at  the  160ft.  level  from  the 
main  shaft  in  G.M.L.  4037e. 

There  were  six  other  shafts  on  the  lease  at  the  time  of  my  sur- 
vey; the  westernmost  shaft,  now  inaccessible,  being  in  typical 
quartz-dolerite  amphibolite,  it  is  unlikely  that  anything  of  value 
will  be  obtained  therein. 

Rising  Sun  G.M.L.  4039e. 

This  is  the  southernmost  of  the  Westralia  United  leases.  It  is 
situated  mainly  between  the  Parkestown  and  Bulong  Roads,  and 
adjoins  the  Euclid  and  Bonnie  Play  leases.  The  western  and  larger 
poition  of  the  ground  was  formerly  covered  by  part  of  G.M.L. 
110;5e  of  the  same  name,  the  eastern  portion  forming  part  of 
G.M.L.  103.Se,  Hidden  Treasure  Consols. 

Allliougli  tliere  are  a  number  of  sliafts  on  the  lease,  only  the 
easternmost — the  No.  4  sliaft  of  the  old  Hidden  Ti ensure  (\)nsols — 
has  got  below  the  oxidised  zone,  and  tliat  is  in  i  lie  splieroidal 
variety  of  tlic  fine-grained  iun|)hil)olite. 

From  tlie  surrounding  leases  it  is  most  likely  that  the  western 
two-thirds  of  the  lease  are  in  dolerite-greenstone,  and  most  of  the 
nMiiaindcr   in    (iiic  maiued   gi-ccii-lone,   a   narrow   strip   along  the 
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north-eastern  boundary  being  in  the  corresponding  amphibolite. 
The  soutJierly  continuation  of  the  Westralia  United  lode  runs  into 
the  lease;  near  its  southern  end  it  seems  to  leave  the  boundary  of 
the  Older  and  Younger  rocks  and  run  into  the  fine-grained  gTeen- 
stone.  The  schistose  formation,  on  which  a  little  sloping  has  been 
done  from  the  drive  off  the  east  cross-cut  at  the  96ft.  level  from  the 
^^Sunrise"  shaft,  is  probably  the  continuation  of  the  main  lode. 
There  are  a  number  of  minor  formations  on  the  lease,  west  of  tlie 
main  lode  and  roughly  parallel  to  it.  In  one  of  these,  cut  in  a  cos- 
teen  north-west  of  the  above  shaft  there  is  a  band  of  green,  flinty 
quartz,  probably  fuchsitic.  The  rich  patch  recently  discovered  by 
Messrs.  Regan  and  Rowe,  is  probably  on  a  spur  running  north-west 
from  the  main  lode,  and  dipping  to  the  south-west;  from  this  patch 
a  parcel  of  28  tons  was  treated  for  a  return  of  £1,220.* 


Returns  for  the  Westralia  United  Goldfields,  Ltd.,  leases  are  as 
follows : — 


Name  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

4037E,  4039E,  4054e,  4231e,  4368e, 
Westralia  United  Goldfields,  Ltd. 

4037E,  4039E,  4054e,  4231  e.  Rising 
Sun  Leases 

4039e,  Rising  Sun  Lease  . . 

4037E,  4039E,  4054e,  North  End 
Mines,  Ltd. 

4037E,  4039E,  4054e,  North  End 
Gold  Mines,  Ltd. 

4037E,  4039E,  4054e,  423  1e.  4368e, 
Devon  Consols  S.  Ex..  Leases 

4037 e,  4039 e,  4054e,  Devon  Con- 
sols S.  Ex.  Leases 

tons. 
1,719-77 

294-00 

186- 00 
1,812- 00 

5,876-00 

8,269- 14 

2,251-00 

fine  ozs. 
504-80 

98-78 

30-38 
883-27 

2,425-03 

2,712-76 

1,400-94 

fine  ozs. 
0-29 

0-34 

0-16 
0-49 

0-41 

0-33 

0-62 

20,407  91 

8,055  96 

0  39 

Fair  Play  G.M.L.  4052e. 

This  lease  lies  to  the  south-east  of  the  Bonnie  Play  and  south 
of  the  Bulong  Road,  and  together  with  G.M.L.  4063e,  Fair  Play 
Extended,  is  held  by  Messrs.  Tregowarth  Bros,  and  Quirk.  It  was 
formerly  part  of  the  Hidden  Treasure  Extended  G.M.L.  1030e. 

The  western  portion  of  the  lease  is  partly  in  hornblendite, 
partly  in  talc-chlorite-carbonate  rock,  with  actinolite-zoisite  amphi- 
bolite at  the  western  corner ;  the  eastern  portion  is  mainly  in  dolerite 
greenstone,  with  the  talc  rock  again  at  the  southern  corner.  The 
dolerite  greenstone  is  found  outcropping  on  a  small  rise  near  the 
nentre  of  the  lease. 

*  Vide  the  West  Australian  of  lOth  March,  1915. 
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The  main  lode  runs  through  the  eastern  portion  of  the  lease 
about  115  feet  west  of  the  east  comer;  a  number  of  small  spurs 
apparently  run  from  it  in  a  north-westerly  direction.  There  were 
only  four  shafts  on  the  lease  and  some  costeens  near  the  southern 
end,  most  of  the  work  on  the  lode  ha^^ing'  been  done  on  the  adjoin- 
ino'  Fair  Play  Extended. 

Two  watercourses  run  through  the  north-western  portion  of 
the  ground,  joining  before  reaching  the  north-east  boundary;  a 
good  deal  of  dryblowing  has  been  done  in  their  vicinity. 

Fair  Play  Extended  G.M.L.  1063e. 

This  lease  is  an  iri-egularly-shaped  block  adjoining  the  Sunrise 
and  Fair  Play  leases.  The  northern  portion  of  the  lease  was  for- 
merly part  of  G.M.L.  1038e,  Hidden  Treasure  Consols,  while  the 
southern  portion  was  held  as  G.M.L.  1137e^  Golden  Gully  North. 

The  extreme  north-eastern  portion  of  the  lease  is  in  fine- 
grained greenstone;  this  being  seen  in  a  long  cross-cut  at  the  100ft. 
level,  running  from  below  the  Bulong  Road  to  the  north-eastern 
boundary  of  the  lease.  The  rock  in  this  cross-cut  was  a  good  deal 
sheared — the  junction  between  the  Older  and  Younger  Greenstones 
occurs  in  the  western  portion  of  the  cross-cut,  but  the  rocks  in  the 
vicinity  Avere  highly  weathered,  and  it  was  almost  impossible  to 
determine  its  exact  position.  The  north-western  portion  of  the 
ground  is  in  dolerile-greenslone,  with  the  talc-rock  to  the  south  of 
this,  while  a  narrow  band  of  quartz-dolerite  amphibolite  runs  along 
the  eastern  boundary;  the  latter  is  found  east  of  the  main  shaft  and 
close  to  a  watercourse,  which  runs  along  the  eastern  boundary. 

The  main  shaft  (vide  Fig.  16)  is  situated  close  to  the  north- 
eastern boundary  of  G.M.L.  40r)2E^  and  the  outcrop  of  the  lode  runs 
about  12  feet  east  of  the  shaft.  The  general  strike  of  the  lode 
ciiannel  is  nearly  nortli  and  south,  and  the  dip  is  variable,  but  in 
general  steeply  to  the  west.  About  60  feet  north  of  the  shaft,  at  the 
surface,  the  lode  splits,  the  western  branch  striking  slightly  west  of 
north,  the  eastern  about  N.N.L.  At,  roughly,  100  feet  N.Pi.  of  the 
shaft  at  the  surface,  and  striking  N.W.-S.E.,  is  another  sheared 
zone,  coloured  green  by  fuchsite;  this  sheared  zone  dips  to  the 
soulli-west  at  about  70°.  Tt  ap])ears  to  have  formed  the  hanging 
wall  lo  Ihe  ore  slioots,  of  which  three  have  been  worked  belweeii 
the  surface  and  \ho  HITfl.  level.  These  all  occui-red  along  Ihe 
eastern  branch  to  the  noith  of  the  green  sheared  zone,  and  south  of 
another  and  sniallei-  line  of  shearing  roughly  parallel  lo  Ihe  first. 
This  second  shear  plane  a])pai-enlly  acting  as  Ihe  foot  wall  of  Ihe 
shool  between  Ihe  surface  and  Ihe  107fl.  level.  Some  specimen  tei- 
Iniidc  ore  was  oblnined  in  llic  ^to|te  (»n  Ihe  ihii'd  shool  below  Ihe 
Hl'JIt.  I'-vel. 
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Levels  have  been  put  in  from  the  main  shaft  at  dei)ths  of  107. 
145,  and  197  feet,  and  there  are  several  intermediate  levels.  At 
the  time  of  my  visit  the  owners  were  driving  on  the  lode  south  of 
the  main  shaft,  at  the  bottom  level.  A  little  work  has  been  done 
on  the  lode  from  a  shaft  in  the  southern  portion  of  the  lease.  Levels 
have  been  put  in  at  depths  of  51  and  93  feet  from  this  shaft. 
There  is  another  X.W.-S.E.  striking',  fuehsitie  formation  at  tliese 
working's,  associated  with  a  small  albite-porphyrite  dyke.  The 
main  lode  seems  -to  be  represented  here  by  a  thin  fuehsitie  seam. 
Values  up  to  about  15dwts.  were  obtained  near  its  junetion  with 
the  N.W.-S.E.  striking  formation. 

From  a  elose  examination  of  the  mine  it  would  ai>pear  tliat 
patches  of  ore  are  found  where  the  X.W.-S.E.  formations  join  the 
main  X.-S.  line  of  lode.  The  richest  shoots  occuiTed  in  a  highly 
shattered  area,  where,  in  addition  to  the  cross  sheared  zones,  the 
lode  itself  had  split. 

In  the  search  for  other  shoots  it  might  he  as  well  to  follow  the 
line  of  junction  between  tlie  tyso  branches. 

Returns  for  the  Fair  Play  leases  are  given  below: — 


Xaine  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefro'u. 

Rate  per  ton. 

tons. 

fine  ozs. 

fine  ozs. 

4052E,  4C63E,  4319?:*,  Fair  Play 

2,780- .lo 

3,900- 34 1 

1-40 

Leases 

Now  voided.       +  Includes  4-77  fine  ozs.  dollied  and  specimens. 


Isabel  G.^.i.L.  983e  (voided). 

This  lease  was  situated  to  the  south-east  of,  and  adjoining  the 
Fair  Play  Extended.  The  gTound  is  in  fine-grained  greenstone, 
with  the  excejition  of  the  narrow  band  of  quartz  dolerite  deriva- 
tives on  tlie  western  boundary.  The  narrow  X.-S.  formation  men- 
tioned in  the  description  of  the  fine-grained  greenstones  runs 
roughly  jjarallel  to  and  between  one  and  two  chains  east  of  the 
western  boundary  and  the  two  main  lines  of  lode,  ai)i)roximately 
l^arallel  to  each  other,  appear  to  turn  slightly  and  run  into  it  at. 
roughly,  100  and  330  feet,  resiieetively,  south  of  the  northern  boun- 
dary of  the  lease.  There  are  otlier  smaller  i)robable  lines  of  lode  on 
the  ground. 

The  main  shaft  is  situated  east  of  the  main  lodes  near  tlie 
centre  of  the  lease;  some  long  cross-cuts  were  put  in  east  and  west 
at  the  177ft.  level,  nearly  across  the  lease;  these  and  all  other  work- 
ings, with  the  exception  of  the  drive  on  the  west  lode  at  tlie  64ft. 
level,  were  inaccessible.    Both  lodes  are  approximately  vertical.  A 
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fair  amount  of  work  has  been  done  on  both,  but  particularly  on  the 
western  lode,  which  has  been  driven  on  for  over  600  feet  at  the 
177ft.  level.  Like  most  of  the  lodes  in  the  fine-grained  greenstones 
these  lodes  appear  to  have  been  patchy. 


Returns  for  the  lease  are  as  follows: — 


Name  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

983e,  Isabel   

tons. 
5,302-26 

fine  ozs. 
1,415  85* 

fine  ozs. 
0  27 

Includes  108*44  fine  ozs.    Dollied  and  specimens. 


Cresvvick  G.M.L.  4515e  (voided). 

This  lease  was  situated  south  of  the  Isajbel  and  was  formerly 
O.M.L.  3991E,  Hird's  lease,  and  prior  to  that  G.M.L.  547e,  Mt. 
Ferrum.  The  western  portion  of  the  ground  is  in  quartz-dolerite 
greenstone,  the  eastern  in  fine-grained  greenstone. 

The  previously  mentioned  N.-S.  formation  does  not  occur  at  the 
junction  of  the  two  rocks  in  this  lease,  but  in  the  quartz-dolerite 
greenstone  between  50  and  100  feet  away  from  the  junction  at  the 
surface,  and  dipping  to  the  west  at  a  little  over  50  degrees,  away 
from  the  junction.  Close  to  the  northern  boundary  of  the  lease 
another  formation,  striking  N.W.-S.E.,  ran  into  the  N.-S.  lode  from 
its  eastern  side,  and  a  small  shoot  of  ore,  carrying  fair  values  was 
struck  at  the  junction;  this  was  being  worked  by  Messrs.  Nelson 
Bros,  at  the  time  of  my  survey. 

A  fair  amount  of  driving  had  been  done  on  the  N.-S.  lode,  at 
the  56  and  100ft.  levels  from  a  shaft  290ft.  south-east  of  the  north- 
west comer.  A  number  of  cross  quartz  veins  were  cut  in  these 
drives,  on  wliicli  some  sto})ing  had  been  done. 

The  ohl  main  shaft  is  situated  near  the  centre  of  the  lease  in 
fine-grained  greenstone;  it  is  366  feet  in  deptli,  but  only  the  92,  152, 
and  212Pt.  levels  were  accessible. 

As  may  he  seen  on  tlie  cross  section  (Fig.  42),  tlie  fine- 
grained greenstoru^  m  tlie  vicinity  has  been  much  shear(<l  and  slial- 
tered,  })ut  no  really  j)ayable  ore  l)odies  a|)i)ear  to  have  been  encoun- 
tered. Small  ((uantilies  of  tellurides  are  said  to  have  been  obtained 
i\\  I  he  212  and  3r)2ft.  levels. 
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Fig.  42. 
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Returns  are  as  follows: — 


Name  and  Number  of  Lease. 

Ure  treated. 

Gold 
therefrom. 

Rate  per  ton . 

4515E,  Creswick 
3991 E,  Hirers  Lease 
647e,  Mt.  Ferrum 

tons. 
1,404-86 
1,152-47 
20-00 

fine  ozs. 
261-40 
1,217-63* 
21-91 

fine  ozs. 

0-  19 

1-  14 
1-  10 

2,577  33 

1,500  94* 

0  58 

*  Includes  42-85  fine  ozs.  dollied  and  specimens. 


A.W.A.  UxiTFj)  G.M.L.  4441e  (voided). 

This  lease  adjoined  the  southern  boundary  of  the  Creswick 
lease,  and  Avas  formerly  G.iNI.L.  4051e  of  the  same  name.  Prior 
to  that  the  ground  was  covered  by  G.M.L.  1490e,  Mt.  Ferrum. 

The  western  and  greater  portion  of  the  lease  is  in  qaartz- 
dolerite  greenstone,  the  eastern  in  fine-grained  greenstone.  Close  to 
the  eastern  boundary  of  the  lease  is  a  prominent  laterite-capped 
hill — Mt.  Ferrum,  of  which  mention  has  already  been  made  wdien 
dealing  with  tlie  secondary  impregnations  in  tlie  zone  of  oxidation. 
The  main  N.-S.  formation  runs  from  the  Creswick  through  the 
middle  of  the  lease;  it  is  here  mainly  in  the  quartz-dolerile  green- 
stone, but  at  the  soulliern  end  of  the  lease  it  leaves  that  rock  and 
runs  into  the  line-grained  greenstone.  A  little  work  was  done  on 
this  formaticm  from  the  lS5ft.  level  from  the  main  shaft,  whicli  is 
400  feet  deep,  and  is  situated  200  feet  nortli-east  from  the  middle 
of  the  south-west  boundary.  A  little  work  has  been  done  on  the 
same  formation  Prom  th.e  93ft.  level  from  a  shaft  close  to  the  north- 
eastern boundary,  but  values  seem  to  have  been  generally  i)oor. 
The  we-;(ernmost  Avorkings  on  the  lease,  on  the  continuation  of  the 
Hidden  Secret  South  lode,  liave  already  been  mentioned  wlien 
dealing  witli  that  mine.  This  lease  lias  been  well  prospected,  long 
crosscuts  having  K'een  i)ul  in  west  of  (he  main  shaft  at  the  IS")  and 
400ft.  levels  and  east  of  the  main  slial'l  at  the  400ft.  level,  while 
east  ;uid  west  ci'ossculs  were  pul  in  al  the  fl'JI'l.  level  IVoni  No.  1 
slmrt  on  the  noi'tliern  slope  of  iMl.  Feri'uin.  In  addition  three 
diamond-drill  boie-;  were  ])u(  in  from  the  4()0f(.  level,  two  from 
the  westein  end  ol'  the  west  crosscut,  the  one  di|)i)ing  sout li-west, 
\ho.  other  north-east,  to  v(>rtical  depths  of  073  and  904  i'eet  res- 
pect i\'ely  below  the  surl'ace  level  of  the  main  shaft;  lh(»  third  from 
the  cjislciii  ('11(1  of  the  cast  ci'ossciit  to  a  wvWc-M  depth  of  002  feet 
Ix'low  the  s;ini('  datiiin. 
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These  leases  formed  part  of  Llie  A.W.A.  United  leases,  returns 
for  which  are  given  below: — ■ 


Xame  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

llOlE,  40.51E,  4070E,  4230E,  4275e, 
4281 E.   4302E,   A.W.A.  United 

3890E,  llOlE,  HUE,  Brown  Hill 

Junction  G.M.  Co.,  N.L. 
4200e,  Mt.  Ferrum  Consols 
4070E,  Badra   

tons. 
59,640-50 

1,122-00 

32-00 
30-00 

fine  ozs. 
14,017-42 

327-15 

4-35 
1015 

fine  ozs. 
0-24 

0-29 

014 
0-34 

60,824-50 

14,359  07 

0  24 

Browxhill  Juxction  G.M.L.  IIOIe  and  Mt.  Ferrum  Consols 
G.M.Ls.  4230E  and  4275e  (all  voided).  (Fig.  43  and  Plates  IV., 
v.,  and  X.). 

For  convenience  these  three  leases  will  be  considered  together; 
all  belonged  to  the  A.W.A.  United  group  of  leases.  G.M.L.  IIOIe 
adjoined  the  south-eastern  boundary  of  G.M.L.  4441e  and  the  other 
two  Avere  situated  south-east  of  the  former.  G.M.L.  4230e  was 
formerly  held  as  G.M.L.  4200e  of  the  same  name,  and  prior  to  that 
formed  part  of  G.M.L.  3826e^  Brown  Hill  Junction  South,  and  at  an 
earlier  date  G.M.L.  960e,  Evening  Star,  while  G.M.L.  4275e  also 
formed  parts  of  the  last  two  leases  and  also  G.M.L.  S53e.  Gem. 

These  leases  are  entirely  in  fine-grained  greenstone.  A  fairly 
well  defined  and  broad  lode  channel,  in  which  there  are  three  par- 
allel lines  of  lode,  runs  through  these  leases;  the  middle  line  proved 
the  best  of  the  three,  although  a  fair  amount  of  work  was  also  done 
on  the  western  line,  which  apparently  joins  the  middle  line  between 
the  199ft.  and  300ft.  levels  in  the  section  through  the  main  shaft 
(vide  Plate  IV.).  The  rock  in  the  vicinity  of  these  two  lines  is 
highly  brecciated.  The  main  shaft,  which  is  400  feet  deep,  is  situ- 
ated on  G.M.L.  IIOIe,  and  from  it  levels  have  been  put  in  at  depths 
of  OS,  150,  199,  and  300  feet,  and  drives  north  and  south  have  been 
put  in  beyond  the  boundaries  of  the  three  leases  at  the  9(Sft.  level 
and  for  nearly  the  same  distance  at  the  199ft.  level;  these  drives 
are  on  tlie  middle  lode,  but  a  number  of  crosscuts  were  ]iut  in  to  the 
west  lode,  which  was  sloped  out  in  places,  while  a  great  deal  of 
sloping  has  been  done  on  the  middle  lode  between  the  surface  and 
the  199ft.  level.  Some  ol  these  slopes  are  shown  on  the  longitudinal 
section  (Plate  V.),  but,  unfortunately,  nearly  all  are  inaccessible, 
and  their  full  extent  could  not  be  surveyed.  In  addition,  the  lodes 
have  been   worked   in   a  series   of  large   open-cuts;    there  has 
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evidently  been  some  impregnation  of  the  surrounding  country,  from 
the  width  of  rock  taken  out  from  these  open-cuts. 

A  good  deal  has  already  been  said  about  these  lodes  in  that 
portion  of  the  report  dealing  with  the  lodes  in  the  fine-grained 
greenstones. 


In  addition  to  Uie  nunc  workings,  (he  country  lias  l)een  pros- 
pected by  diamond  drilling,  two  bores  having  been  put  in  to  the 
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east  and  west  from  the  300ft.  level— dipping  at  angles  of  19  and 
33  degrees — ^to  total  depths  of  478  and  588  feet,  respectively,  below 
the  surface  le^'el  at  the  main  shaft.  Nothing  of  value,  however,, 
was  struck  in  these  bores. 

The  two  northern  leases  have  been  well  prospected,  but  little 
work,  however,  has  been  done  on  the  most  southerly  of  the  three. 

Badra  G.M.L.  4070e  (voided).  Tliis  was  another  of  the  A.W.A. 
United  leases,  and  was  situated  north-east  of  and  adjoining  G.M.L. 
llOlE.  It  was  formerly  part  of  G.M.L.  987e  Etra  Weenie.  The 
ground  is  entirely  in  fine-grained  greenstone. 

There  are  three  shafts  on  the  ground,  all  inaccessible;  the 
northernmost  is  said  to  be  about  125  feet  deep,  and  east  and  west 
crosscuts  have  been  put  in  at  the  90ft.  level  to  the  boundaries  of 
the  lease;  the  middle  shaft  is  210  feet  deep,  and  crosscuts  were 
driven  to  the  boundaries  at  the  200ft.  level;  from  the  north-east 
crosscut  at  this  level  a  diamond  drill  bore  was  put  in  at  a  dip  of 
30  degrees  to  a  total  depth  of  379  feet  below  the  surface  level  at 
the  shaft. 

Although  several  lines  of  lode  run  through  the  lease,  no  pay- 
able values  have  been  encountered,  and  the  ground  lias  been  too  well 
prospected  to  permit  of  any  hope  for  the  discovery  of  payable  ore- 
bodies  in  the  future. 

Returns  for  this  lease  are  included  in  those  for  the  A.W.A. 
United  leases. 

Mt.  Lily  G.M.L.  4J04k  (voided).  This  lease  adjoined  the 
Badra  and  Mt.  Ferrum  Consols  leases,  and  was  formerly  held  as 
G.M.L.  988E  Clare  Tunis  and  part  of  G.M.L.  922e  Herlichite,  both 
belonging  to  the  Brownhill  Proprietary  G.M.  Co.,  Ltd. 

A  line  of  lode  runs  from  the  Badra  into  the  northern  portion 
of  this  ground,  which  is  entirely  in  fine-grained  greenstone;  some 
costeening  has  been  done  on  this  formation  and  a  shaft  sunk  on  its 
eastern  side — apparently  without  success.  About  half-way  down 
the  lease  there  is  a  long  line  of  alluvial  workings  running  right 
across  the  lease.  As  can  be  seen  by  the  returns,  a  fair  amount  of 
gold  was  obtained  from  the  Clare  Innis,  but  from  what  working.-?, 
there  is  no  record  to  show;  most,  however,  probably  came  from  this 
alluvial  line.  Another  line  of  lode  runs  through  the  south-eastern 
portion  of  the  ground,  on  which  a  shaft  300  feet  deep  and  a  num- 
ber of  shallow  shafts  have  been  sunk;  old  mine  plans  show  drives 
on  this  lode  at  depths  of  40  and  75  feet  and  a  crosscut  at  125  feet, 
but  only  a  portion  of  the  former  level  was  accessible  at  the  time  of 
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my  sarvej'.  Judging  by  the  returns,  fair  values  were  obtained  in 
these  upper  levels,  but  there  are  no  records  as  to  the  value  of  the 
lode  at  depth. 


Returns  for  the  ground  are  as  follows: — 


Name  and  Number  of  Lease. 

Ore  treated. 

Gold 
therefrom. 

Rate  per  ton. 

1)88e,  Clare  Innis  

922e,  Herliehite  

tons. 

379-00 

280-50 

fine  ozs. 
505-38 
173-23 

fine  ozs. 
1-33 
0-62 

659-50 

680-61 

1  03 

27th  March,  1916. 


F.  R.  FELDTMANN, 

Field  Geologist. 
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CONTRIBUTIONS 

TO  THE  STUDY  OP 

THE  GEOLOGY  AND  ORE  DEPOSITS  OF  KALGOORLTE, 
EAST  COOLGARDIE  GOLDFIELD. 

 0  

Part  I.— Bulletin  42,  1912:— 

1.  Geology  of  Kalgoorlie  and  Boulder.   C.  G.  Gibson. 

2.  Composition  and  Internal  Structure  of  the  Kalgoorlie  and 

Boulder  Ores.    E.  S.  Simpson. 

3.  Detailed  Mineralogy  of  Kalgoorlie  and    Boulder.    E.  S. 

Simpson. 

4.  Surface  and  Underground  Waters.    E.  S.  Simpson. 

5.  Natural  Gas  in  the  Boulder  Mines.    E.  S.  Simpson. 

6.  The  Constitution  of  the  Native  Tellurides.   E.  S.  Simpson. 

7.  The  Analyses  of  Telluride  Minerals.    E.  S.  Simpson. 

Part  11. —Bulletin  51,  1913:— 

S.  The  Geological  Features  of  part  of  the  Northernmost  por- 
tion of  the  Kalgoorlie  Auriferous  Area.  F.  R.  Feldt- 
mann. 

9.  The  Petrology  of  part  of  the  Northernmost  portion  of  tlie 
Kalgoorlie  Field.    R.  A.  Farquharson. 
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Euclid  Lease   25,  131, 134 

Evening  Star  Lease  .  .        .  .        .  .        .  .        .  .        . .        .  .  141 
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Fair  Play  Extended  Lease   22,  32,  40,  72,  136 

F^air  Play  Lease    27,30,31,32,34,67,82,83,135 

Farquharson,  R.  A  13,  20,  31,  38,  49 

Faults    72,  76, 81, 89 

"Federal"  Shaft   124 
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Great  Boulder  No.  2  Lease  .  . 
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53 
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Greenstones  (see  also  Older  and  Younger 

Greenstones)       .  .  16 

118 

HnddPTi     A  G 

102 

-IXdlllictli   o    -131 1  tdlllilct    J-Jt^ctoc?     >  •  • 

93 

105 

yy                            -T  lllU        -UCdatJkS                        .     .  . 

25,  26,  43,  71,  108,  113 

TTill 

12  27 

26  65  7^  SQ  inn 

120 

.  .        .  .  31 

jy               Xiupc    J-Jtfdot?              .  , 

 128,131 

  128 

  25 

  129 

I^roTiripfn  rv    npvplnDTnprj  f 

Co.,  Ltd   114,121,126 

T?pwti  rrl     T  iPQ  GP 

 25,  102 

 i\/ff      r^hnrlnff  p 

1>XL,  V_lldllULtt! 

Mine 

28,  29,  48,  74,  75,  76,  89,  102 

30,  44,  120 

j.±diiiidii  a        kjiidx  u                  .  .            ,  , 

  102 

  86,  87 

Herlichite  Lease 

....        ..  143 
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  120 

yy                      KJCdCL'      ±Jt/doty                                      .     ,  OV 

,  32,  34, 

36,  65,  72,  76,  81,  83,  115,  121 

North  Lease           .  . 

30,45,65,76,3  21 

yy                             yy                 SOUth       LCafeO                               .  . 

65,  76,  124 

yy                             yy                   VV  CSU      J-itJdfJC                                  .  . 

124 

yy       Treasure  Consols  Lease     .  . 

 134,136 

yy             yy        Extended  Lease 

 130,  135 

yy               yy         ioouin  ijeass       .  . 

  121 

Ilird 's  Lease 

  138 

Holding 's  Lease 

  121 

Hornblende — 

— dolerite 

..    ■     ..  14,17 

— porphyrite 

14,38,40,85,87,88 

Hornblendite             .  .        .  .        .  . 

..14,17,31,32,34 

Hyman  Lease 

..36,37,39,70,85 

„      North  Lease 

 38,85 

Impregnation 
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42,74,113 

Ingliston  Extended  Lease    .  . 
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